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SUMMARY
• •
1 . . . ■ ■ ■
V a r i o u s  c r i t e r i a  t h a t  c o u l d  h e  u s e d  f o r  t h e  m e a s u re m e n t  o f  
l o c a l  i m m u n i ty  t o  N e w c a s t l e  d i s e a s e  v i r u s  (NDV) a n d  a v i a n  
i n f e c t i o u s  b r o n c h i t i s  v i r u s  (IBV) w e re  e x a m in e d .  V i r u s  
i s o l a t i o n  a n d  t h e  m e a s u re m e n t  o f  a n t i b o d y  c o n c e n t r a t i o n  i n  
t h e  s e r u m  a n d  s e c r e t i o n s ,  w e re  s e l e c t e d  f o r  u s e  i n  t h e  s u b s e q u e n t  
s t u d i e s .
B o t h  r e s i s t a n c e  o f  t h e  r e s p i r a t o r y  t r a c t  t o  i n f e c t i o n  a n d  
s p e c i f i c  a n t i b o d y  i n  t h e  u p p e r  r e s p i r a t o r y  t r a c t  s e c r e t i o n s :  
c o u l d  b e  i n d u c e d  b y  t h e  a d m i n i s t r a t i o n  o f  l i v e  o r  i n a c t i v a t e d  
l e n t o g e n i c  NDV d i r e c t l y  i n t o  t h e  r e s p i r a t o r y  t r a c t .  V i r u s -  
n e u t r a l i s i n g  a n t i b o d y  a p p e a r e d  i n  t r a c h e a l  s e c r e t i o n s  a s  e a r l y  
a s  6 days  a f t e r  i n f e c t i o n  a n d ,  a f t e r  an e a r l y  p e a k ,  d e c l i n e d  
i n  t i t r e ,  w h e r e a s  a n t i b o d y  d i d  n o t  a p p e a r  i n  t h e  n a s a l  s e c r e t i o n s  
u n t i l  8 days  a f t e r  I n f e c t i o n ,  b u t  t h e n  p r o v e d  t o  b e  more  
p e r s i s t e n t .  A n t i b o d y  was a l s o  d e t e c t e d  i n  l u n g  s e c r e t i o n s  
f o l l o w i n g  t h e  I n t r a m u s c u l a r  i n o c u l a t i o n  o f  l i v e  v i r u s .  The 
d i r e c t  o r  i n d i r e c t  e x p o s u r e  o f  t h e  r e s p i r a t o r y  t r a c t  t i s s u e s  
t o  a n t i g e n  was n e c e s s a r y  f o r  t h e  d e v e lo p m e n t  o f  r e s i s t a n c e  a n d  
. th e  p r o d u c t i o n  o f  l o c a l  a n t i b o d y  b e c a u s e  i n a c t i v a t e d  v i r u s  
a d m i n i s t e r e d  p a r e n t e r a l l y  f a i l e d  t o  s t i m u l a t e  e i t h e r ,  d e s p i t e  
t h e  h i g h  c o n c e n t r a t i o n s  o f  s e ru m  a n t i b o d y  t h a t  v/e r e  u s u a l l y   ^
i n d u c e d .
I n  p a s s i v e l y  im m u n ised  c h i c k s  t h e  c i r c u l a t i n g ;  a n t i b o d y  r e s p o n s e  
t o  NDV was m a r k e d l y  s u p p r e s s e d ,  b u t  no  c o n c o m i t a n t  s u p p r e s s i o h •
o f  l o c a l  i m m u n i ty  c o u l d  b e  d e m o n s t r a t e d ,  i n d i c a t i n g  t h a t  t h e  
. l a t t e r  wa3 i n d e p e n d e n t  o f  t h e  f o r m e r .  F u r t h e r  e v i d e n c e  -in 
s u p p o r t  o f  a r o l e  f o r  l o c a l -  im m u n i ty  i n  NDV a n d  IBV i n f e c t i o n s  
came f ro m  s t u d i e s  on t r a c h e a l  e x p l a n t s  d e r i v e d  f r o m  v a r i o u s l y  
im m u n ise d  o r  u n t r e a t e d  c h i c k e n s .  S u c h  e x p l a n t s  w e re  f o u n d  to  
d i f f e r  I n  t h e i r  a b i l i t y  t o  s u p p o r t  v i r u s  g r o w t h .
R e s p i r a t o r y  t r a c t  s e c r e t i o n s  c o n t a i n e d  IgA a n d  IgG- a n d  v a r i a b l e  
am oun ts  o f  IgM, a s  w e l l  a s  an a d d i t i o n a l  a n t i g e n i c  com ponen t  
t h a t  was p r e s e n t  i n  a l l  s e c r e t i o n s  e x a m in e d  b u t  was a b s e n t  f ro m  
t h e  s e ru m .  A n t i b o d y  a c t i v i t y  i n  t r a c h e a l  s e c r e t i o n s  a p p e a r e d  
t o  b e  a s s o c i a t e d  w i t h  t h e  IgA f r a c t i o n .
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I .  INTRODUCTION
The c o n c e p t  o f  l o c a l  im m u n i ty  h a s  a l o n g  h i s t o r y .  As e a r l y  
as  1919,  B e z r e d k a ,  f ro m  t h e  r e s u l t s  o f  h i s  w ork  w i t h  . 
p a r a t y p h o i d  B b a c i l l u s  i n  r a b b i t s ,  s u g g e s t e d  t h a t  l o c a l  
a c q u i r e d  im m u n i ty  c o u l d  b e  e s t a b l i s h e d  i n d e p e n d e n t l y  o f  
s y s t e m i c  im m u n i ty  an d  c o n s i d e r e d  t h i s  to  b e  o f  p a r t i c u l a r  
i m p o r t a n c e  i n  r e s i s t a n c e  t o  i n f e c t i o n s  o r i g i n a t i n g  i n  th e '  
g a s t r o - i n t e s t i n a l  t r a c t .  S h o r t l y  a f t e r w a r d s  D a v i e s  (19-22) 
d e m o n s t r a t e d  s p e c i f i c  a g g l u t i n a t i n g  a n t i b o d y  i n  t h e  f a e c e s  o f  
p a t i e n t s  r e c o v e r i n g  f ro m  b a c i l l e r y  d y s e n t e r y .  F u r t h e r m o r e ,  m o s t  
o f  t h e  s t o o l s  w h ic h  y i e l d e d  lo w  t i t r e s .  o f  s p e c i f i c  a g g l u t i n i n s  
came f ro m  p a t i e n t s  whose s e ru m  l a c k e d  s p e c f i c  a n t i b o d y .  H ow ever ,  
a l t h o u g h  a num b er  o f  p a p e r s  r e p o r t e d  o t h e r ,  e x a m p le s  o f  
r e s i s t a n c e  to  i n f e c t i o n  w h ic h  c o r r e l a t e d  more c l o s e l y  to  t h e  
p r e s e n c e  o f  a n t i b o d y  i n  mucous s e c r e t i o n s  t h a n  to  s e ru m  
a n t i b o d y ,  l i t t l e  f u r t h e r  i n s i g h t  was g a i n e d  i n t o  t h e  m echan ism s  
i n v o l v e d  u n t i l  more  c o m p r e h e n s i v e  s t u d i e s  w e re  c a r r i e d  o u t  i n  
t h e  19*4-0 * s .
Burrov/s  e t  a l .  (19*4-7) s t u d i e d  t h e  immune m ech an ism s  i n v o l v e d  
i n  e x p e r i m e n t a l  c h o l e r a  i n  g u i n e a  p i g s .  They f o u n d  t h a t
f o l l o w i n g  b o t h  o r a l  i n f e c t i o n  a n d  i n t r a p e r i t o n e a l  v a c c i n a t i o n
//  .
w i t h  i n a c t i v a t e d  v a c c i n e ,  i n t e s t i n a l  a n t i b o d y ,  f o r  w h ich * - th ey  
c o i n e d  t h e  t e r m  u c o p r o a n t i b o d y " ,  a p p e a r e d  t r a n s i e n t l y  i n  t h e  
f a e c e s .  C o p r o a n t i b o d y  was d e m o n s t r a b l e  v e r y  soon  a f t e r  
i n o c u l a t i o n  a n d  i t s  p e a k  a n t i b o d y  t i t r e  o f t e n  p r e c e d e d  t h a t  o f  
t h e  s e ru m  a g g l u t i n i n s  w h ic h  p e r s i s t e d  i n  a p p r e c i a b l e  am oun ts  
a f t e r  t h e  d i s a p p e a r a n c e  o f  c o p r o a n t i b o d y .  T h e se  r e s u l t s ,  t o g e t h e r
w i t h  t h e  r e s u l t s  o f  e x p e r i m e n t a l  c h o l e r a  v a c c i n a t i o n  o f  man 
(B u r ro w s  a n d  H a v e n s ,  19*4-8 ) i n  w h ic h  t h e  c o p r o a n t i b o d y  r e s p o n s e  
r e a c h e d  a maximum 2 - 3  weeks e a r l i e r  t h a n  t h e  s e ru m  a n t i b o d y  
r e s p o n s e ,  d e m o n s t r a t e d  t h e  r e l a t i v e  i n d e p e n d e n c e  o f  s e ru m  a n d  
f a e c a l  a n t i b o d y .  B u r ro w s  e t  a l . (19*4-7) f u r t h e r  o b s e r v e d  a 
d e f i n i t e  r e l a t i o n s h i p  b e tw e e n  t h e  p r e s e n c e  o f  c o p r o a n t i b o d y  
a n d  im m u n i ty  to  i n f e c t i o n ,  a l t h o u g h  im m u n i ty  a p p e a r e d  t o  b e  l e s s  
d e p e n d e n t  on t h e  t i t r e  o f  c o p r o a n t i b o d y  "than on. i t s  p r e s e n c e .
The i n f e c t i o n  o f  a n i m a l s  t h a t  p o s s e s s e d  d e m o n s t r a b l e  c o p r o ­
a n t i b o d y  r e s u l t e d  i n  m o d i f i e d  v i b r i o  e x c r e t i o n  w h e r e a s  when 
s u c h  i n f e c t i o n  was d e l a y e d  u n t i l  c o p r o a n t i b o d y  c o u l d  no l o n g e r  
b e  d e t e c t e d ,  n o r m a l  v i b r i o  e x c r e t i o n  o c c u r r e d ,  even  t h o u g h  t h e  
s e ru m  a n t i b o d y  c o n c e n t r a t i o n  was s t i l l  h i g h .  T h u s ,  r e s i s t a n c e  
t o  i n f e c t i o n  was r e l a t e d  t o  t h e  p r e s e n c e , o f  f a e c a l  a n t i b o d y  
a n d  n o t  t o  s e ru m  a n t i b o d y ,  c o n c e n t r a t i o n s .
B ur row s  an d  H avens  (19*4-8) d i s c u s s e d  t h e  p o s s i b i l i t y  t h a t  f a e c a l  
a n t i b o d y  was f o rm e d  l o c a l l y  b y  c e l l s  o f  t h e  i n t e s t i n e  b u t ' -  1 
r e j e c t e d  t h i s  h y p o t h e s i s  as  b e i n g  w i t h o u t  f o u n d a t i o n .  H ow ever ,  
a c o - w o r k e r  o f  B u r r o w s ,  K o s h l a n d  ( 1 9 5 3 ) ,  l a t e r  p r e s e n t e d  
e v i d e n c e  i n  s u p p o r t  o f  a l o c a l  o r i g i n  f o r  c o p r o a n t i b o d y .  She  
show ed  t h a t  p a r e n t e r a l  i n o c u l a t i o n  o f  c h o l e r a ’v a c c i n e  i n  
a d j u v a n t  r e s u l t e d  i n  no f a e c a l  a n t i b o d y ,  even t h o u g h  v e r y  h i g h  
c o n c e n t r a t i o n s  o f  s e ru m  a n t i b o d y  w e re  o b t a i n e d  a n d  f ro m  t h i s  
d e d u c e d  t h a t  t h e  a d j u v a n t  l o c a l i s e d  t h e  a n t i g e n  so  t h a t  
i n s u f f i c i e n t  am ounts  r e a c h e d  t h e  s i t e  o f  c o p r o a n t i b o d y  p r o d u c t i o n .  
F u r t h e r m o r e ,  s h e  c o n c l u d e d  t h a t  a n t i b o d y  e x c r e t e d  i n  t h e  f a e c e s  
was s y n t h e s i s e d  i n d e p e n d e n t l y  o f  t h e  m a j o r  s o u r c e s  o f  s e r u m  
a n t i b o d y ,  p r o b a b l y  b y  l o c a l  c e l l s  o f  t h e  l y m p h o i d - m a c r o p h a g e
s y s t e m  i n  t h e  l a m i n a  p r o p r i a  o f  t h e  i n t e s t i n e .
I n f e c t i o n  w i t h  i n f l u e n z a  v i r u s - w a s  known to  i n d u c e  c i r c u l a t i n g  
a n t i b o d i e s  (An d r  ewes e t  a l . , 1935)  a n d  t h e  e v i d e n c e  t h e n  
a v a i l a b l e  s u g g e s t e d  t h a t  h i g h  se ru m  a n t i b o d y  t i t r e s  w e re  
a s s o c i a t e d  w i t h  g r e a t e r  r e s i s t a n c e  t o  r e - i n f e c t i o n  ( F r a n c i s ,  
19*4-0). R e s i s t a n c e  o f  t h e  r e s p i r a t o r y  t r a c t  to  v i r a l  i n f e c t i o n  
was f i r s t  e x a m in e d  i n  d e t a i l  b y  F r a n c i s  (19*4:1-19*42) who 
c o n s i d e r e d  t h a t  i t  was n o t  p o s s i b l e  to  p r e d i c t  on t h e  b a s i s  
o f  c i r c u l a t i n g  a n t i b o d y  t i t r e s ,  w h e t h e r  a g i v e n  s u b j e c t  w i l l  
d e v e l o p  t h e  d i s e a s e  a n d  t h a t  a l t h o u g h  c i r c u l a t i n g ' a n t i b o d i e s  
d i d  c o n f e r  a d e g r e e  o f  p r o t e c t i o n ,  t h e y  s e r v e d  p r i m a r i l y  t o  
m o d i f y  r a t h e r  t h a n  p r e v e n t  t h e  d i s e a s e .  T h i s  was i n  c o n c o r d a n c e  
w i t h  o b s e r v a t i o n s  made b y  Shope  ( 1 9 3 6 )  who h a d  shown t h a t : 
s u b c u t a n e o u s  v a c c i n a t i o n  o f  f e r r e t s  w i t h  l a r g e  d o s e s  o f  
i n f l u e n z a  v i r u s  r e s u l t e d  i n  c i r c u l a t i n g  a n t i b o d y  a n d  t h a t  wlaen 
s u b j e c t e d  t o  i n t r a n a s a l  c h a l l e n g e  t h e y  d e v e l o p e d  an a l l e v i a t e d  
f o rm  o f  d i s e a s e .
I n  s e a r c h  o f  a d d i t i o n a l  m echan ism s  o f  r e s i s t a n c e ,  F r a n c i s  
( 19*4-1 - 19*4-2 ) t u r n e d  h i s  a t t e n t i o n  t o  t h e  r e s p i r a t o r y  t r a c t  a n d  
e x a m in e d  n a s a l  s e c r e t i o n s  f o r  v i r u s - n e u t r a l i s i n g  a c t i v i t y .  He 
d e m o n s t r a t e d  t h e  p r e s e n c e  o f  a v i r u s - i n a c t i v a t i n g  s u b s t a n c e  
a n d  s u b s e q u e n t l y  show ed  i t  t o  b e  a n t i b o d y .  From t h e s e  f i n d i n g s  
h e  p r o p o s e d  t h e  h y p o t h e s i s  t h a t  c i r c u l a t i n g  a n t i b o d y  f u n c t i o n e d  
b y  p r e v e n t i n g  t h e  s p r e a d  o f  i n f e c t i o n  f ro m  t h e •s u p e r f i c i a l  
p r i m a r y  s i t e ,  w h e r e a s  t h e  r o l e  o f  l o c a l  a n t i b o d y  was t o  p r e v e n t  
an i n f e c t i o n  b e co m in g  e s t a b l i s h e d .  He a l s o  u n d e r l i n e d  t h e
l i m i t a t i o n s  o f  p a r e n t e r a l  v a c c i n a t i o n  w h ich  p r o d u c e d  o n l y  a 
c i r c u l a t i n g  a n t i b o d y  r e s p o n s e  a n d  s u g g e s t e d  t h a t  p r o p h y l a x i s  
v i a  t h e  r e s p i r a t o r y  t r a c t  m i g h t  so  i n c r e a s e  t h e  l o c a l  r e s i s t a n c e  
t h a t  i n f e c t i o n  w o u ld  n o t  o c c u r .
T h e se  e a r l y  s t u d i e s ,  a l o n g  w i t h  s e v e r a l  o t h e r  r e p o r t s ,  l a i d  
t h e  f o u n d a t i o n  on w h ic h  t h e  c o n c e p t  o f  l o c a l  i m m u n i ty  was to  
d e v e l o p .  How ever ,  g r e a t e r  a p p r e c i a t i o n  o f  t h e  s y s t e m  h a d  t o • 
a w a i t  t h e  im m unochem ica l  c h a r a c t e r i s a t i o n  o f  t h e  a n t i b o d i e s  
i n v o l v e d .
One o f  t h e  m o s t  i m p o r t a n t  d e v e l o p m e n t s  was t h e  i s o l a t i o n  a n d
a t  o i* .
d e s c r i p t i o n  b y  Herem anns  (1 9 5 9 )  o f  the: IgA - c l a s s  o f  immuno- 
g l o b u l i n  i n  human se ru m .  IgA,  t h e n  r e f e r r e d  to -  a s  j 2 2 A - g lo b u l in ,  
h a d  f i r s t ,  b e e n  o b s e r v e d  i n  e a r l y  I m r n u n o e l e c t r o p h o r e t i c  s t u d i e s  
o f  human s e r a  b y  G r a b o r  a n d  W i l l i a m s  ( 1 9 5 3 ) ,  "but H e re m a n n s ,  
b y  a c o m b i n a t i o n  o f  s a l t  f r a c t i o n a t i o n  e n d  p r e p a r a t i v e  
e l e c t r o p h o r e s i s ,  s u c c e e d e d  i n  i s o l a t i n g ’t h e  g l o b u l i n  a n d  
c h a r a c t e r i s i n g  i t .  IgA h a s  s i n c e  b e e n  i d e n t i f i e d  i n  man an<i 
a l l  mammals e x a m in e d  as  w e l l  ■; a s  i n  a num ber  o f  n o n -m a m m al iap  
s p e c i e s ,  i n c l u d i n g  t h e  c h i c k e n .
The p r e d o m in a n c e  o f  IgA i n  c e r t a i n  s e c r e t i o n s  o f  man was f i r s t  
d e m o n s t r a t e d  b y  TomasI  a n d  Z i e g e lb a u m  ( 1 9 6 3 ) .  Q u a n t i t a t i v e  
a n a l y s i s  show ed t h a t  t h e  ‘/ - g l o b u l i n :  a lbumen r a t i o  o f  p a r o t i d  
s a l i v a  was 6 — 8 t i m e s  h i g h e r  t h a n  t h a t  o f  s e ru m  a n d  t h a t  t h e  
/ - g l o b u l i n  was p r i m a r i l y  o f  t h e  IgA t y p e .  S i n c e  s i m p l e  
t r a n s u d a t i o n  c o u l d  n o t  a c c o u n t  f o r  t h e s e  f i n d i n g s ,  t h e y  
p o s t u l a t e d  t h a t  e i t h e r  a h i g h l y  s e l e c t i v e  t r a n s p o r t  m e c h a n i s m  
was o p e r a t i n g ,  o r  t h a t  l o c a l  p r o d u c t i o n  o f  t h e  / - g l o b u l i n  was 
r e s p o n s i b l e .
C om p ar iso n  o f  t h e  Ig G :Ig A  r a t i o  o f  human se ru m  w i t h  t h a t  o f
t h e  e x t e r n a l  s e c r e t i o n s  ( s e c r e t i o n s  t h a t  b a t h e  t h e  mucous
mambrane s u r f a c e s )  i n d i c a t e d  t h a t  IgA c o u l d  n o t  b e  p r e s e n t
i n  t h e  s e c r e t i o n s  a s  a r e s u l t  o f  s it r ro le  t r a n s u d a t i o n  b e c a u s e
\
t h e  s e ru m  r a t i o  was a p p r o x i m a t e l y  6 : 1 , w h e r e a s  t h e  r a t i o  i n  
e x t e r n a l  s e c r e t i o n s  w as ,  i n  m o s t  c a s e s ,  l e s s  t h a n  1 : 1  
( C h o d i r k e r  a n d  T o m a s i ,  19&3)* A l l  e x t e r n a l  s e c r e t i o n s  e x a m in e d  
h a v e  shown a p r e d o m in a n c e  o f  IgA a n d  s u c h  s e c r e t i o n s . i n c l u d e  
p a r o t i d  a n d  s u b m a x i l l a r y  s a l i v a ,  c o l o s t r u m ,  l a c h r y m a l  f l u i d ,  
n a s a l  an d  b r o n c h i a l  s e c r e t i o n s ,  i n t e s t i n a l  f l u i d s ,  b i l e ,  u r i n e  
a n d  s e m i n a l  p l a s m a  (Tomasi .  a n d  B i e n e n s t o c k ,  i 9 6 0 ) .
I n  a d d i t i o n  to  q u a n t i t a t i v e  d i f f e r e n c e s  i n - t h e  d i s t r i b u t i o n  o f  
IgA b e tw e e n  s e ru m  an d  s e c r e t i o n s ,  q u a l i t a t i v e  d i f f e r e n c e s  i n  
t h e  IgA m o l e c u l e  e x i s t .  T h u s ,  d e n s i t y  g r a d i e n t  e x p e r i m e n t s  
p e r f o r m e d  b y  Tomasi  a n d  Z i e g e lb a u m  (19& 3) ,  s u g g e s t e d  t h e  
p o s s i b i l i t y  t h a t  s e c r e t o r y  IgA f ro m  human s e c r e t i o n s  was o f  a 
l a r g e r  s i z e  t h a n  s e ru m  IgA a n d  t h e s e  t e n t a t i v e  f i n d i n g s  w e r e  
c o n f i r m e d  i n  a l a t e r  s t u d y  b y  Tomasi e t  a i . ( -1965).  IgA p r e s e n t  
i n  s a l i v a  a n d  c o l o s t r u m  was shown to  e x i s t  l a r g e l y  i n  t h e  fo rm  
o f  h i g h e r  p o l y m e r s ,  t h e  m a j o r  com ponent  o f  w h ic h  h a d  a 
s e d i m e n t a t i o n  c o e f f i c i e n t  o f  1 1 S ,  w h ic h  was i n  c o n t r a s t  t o  
s e ru m  Ig A ,  w h ic h  e x i s t s  p r i m a r i l y  as. 7S' monomers .  H ow eve r ,  
i n  s e ru m  s m a l l  am ounts  o f  IgA a l s o  e x i s t  i n  p o l y m e r i c  f o rm s  
(Vaerman e t  a l . . . 1962+) b u t  t h e s e  d i f f e r  f ro m  t h e  11S; s e c r e t o r y  
IgA i n  t h a t  t h e y  a r e  e a s i l y  d i s s o c i a t e d  b y  r e d u c i n g  a g e n t s .  No 
i m m u n o l o g i c a l  d i f f e r e n c e s ,  b e tw e e n  s e ru m  a n d  s e c r e t o r y  IgA w e re  
a p p a r e n t  i n  g e l  d i f f u s i o n  t e s t s  i n  w h ic h  a n t i s e r u m  d e v e l o p e d  
a g a i n s t  human s e ru m  o r  i s o l a t e d  IgA myeloma p r o t e i n s  was u s e d ,
b u t when a n t i s e r u m  a g a i n s t  s e c r e t o r y  IgA was u s e d  t h e  p r e s e n c e
o f  an a d d i t i o n a l  a n t i g e n i c  com ponen t  i n  t h e  s e c r e t o r y  m o l e c u l e
was- d e m o n s t r a t e d  (Tom asi  e t  a l » . 1 9 6 5 ) .  T h ese  s t u d i e s  v/ere 
e x t e n d e d  "by S o u t h  e t  a l . ( 1 9 6 6 )  who d i s s o c i a t e d  s a l i v a r y  IgA 
i n t o  2 a n t i g e n i c a l l y  d i s t i n c t  components ,  b y  a c o m b i n a t i o n  o f  
2 - m e r c a p t o e t h a n o l  r e d u c t i o n  f o l l o w e d  b y  i o d o a c e t a m i d e  a l k y l a t i o n .  
One com ponen t  a p p e a r e d  to  b e  a n t i g e n i c a l l y  i d e n t i c a l  to  s e ru m  
IgA ,  w h i l s t  t h e  o t h e r  was t h e  u n i q u e  component  o f  s e c r e t o r y  
IgA t e r m e d  b y  t h e  a u t h o r s  ” t r a n s p o r t  p i e c e ” , b u t  now more 
commonly r e f e r r e d  to  a s  " s e c r e t o r y  co m p o n en t” o r  “ s e c r e t o r y  
p i e c e ” (T om as i  a n d  B i e n e n s t o c k ,  1 9 6 8 ) .  >
The 7S m onom eric  u n i t  o f  IgA f r o m  human s e ru m  h a s  a m o l e c u l a r  
w e i g h t  o f  1 7 0 , 0 0 0  (Cohen a n d  M i l s t e i n ,  1967)  a n d  e a c h  u n i t  h a s  
t h e  b a s i c  i m m u n o g lo b u l in  s t r u c t u r e  c o n s i s t i n g ,  o f  2 p a i r s  o f  
c o v a l e n t l y  l i n k e d  h e a v y  (<*) a n d  l i g h t  (fconX) p o l y p e p t i d e  c h a i n s ,  
o f  v /h ich  t h e  h e a v y  °< c h a i n s  a r e  u n i q u e  t o . IgA ( f i g u r e  l a ) .  The 
U S  s e c r e t o r y  IgA h a s  a m o l e c u l a r  v /e ig l i t  o f  3 8 5 , 0 0 0  a n d  i s  . i n
i --
t h e  fo rm  o f  a d im e r  c o n s i s t i n g  o f  se rum ,  -type IgA p l u s  t h e  
s e c r e t o r y  com ponen t  a n d  an a d d i t i o n a l  com ponen t  t e r m e d  J  c h a i n  
( f i g u r e  l b ) .  The l a t t e r  i s  a lov/ m o l e c u l a r  v / e i g h t ,  e l e c t r o - - ,  
p h o r e t i c a l l y  f a s t  p o l y p e p t i d e  c h a i n  and ,  u n l i k e  s e c r e t o r y  
co m p o n en t ,  i s  p r o d u c e d  v / i t h i n  t h e  same c e l l s  as. IgA ( H a l p e r n  
a n d  K o s h l a n d ,  1 9 7 0 :  M e s t e c h y  e t  a l . . 1971 ;  H a l p e r n  a n d  C o f fm an ,
1 9 7 2 ) .  I t  h a s  b e e n  shovm to  b e  e s s e n t i a l  f o r  t h e  p o l y m e r i s a t i o n  
o f  t h e  m onom eric  im m u n o g lo b u l in  a n d  i s  f o u n d  i n  IgM as  Y/ell  a s  
p o l y m e r i c  IgA.
*
The b i o l o g i c a l  f u n c t i o n s  o f  t h e  s e c r e t o r y  com ponen t  h a v e  
a t t r a c t e d  c o n s i d e r a b l e  a t t e n t i o n .  I t s  p r i m a r y  f u n c t i o n  a p p e a r s  
to  b e  i n  r e n d e r i n g  s e c r e t o r y  IgA r e s i s t a n t  t o  p r o t e o l y t i c  
d e g r a d a t i o n ,  v /h ich  i s  o f  p a r t i c u l a r  i m p o r t a n c e  i n  t h e  g a s t r o -
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a )  D iag ra m  s h o w in g  t h e  b a s i c  i m m u n o g lo b u l in  
s t r u c t u r e  o f  2 h e a v y  (H) a n d  2 l i g h t  (L )  c h a i n s  
j o i n e d  b y  d i s u l p h i d e  b o n d s  ( S - S ) .
b )  D ia g ram  o f  s e c r e t o r y  IgA.
(From v a n - O s s ,  -1973* R e p r o d u c e d  w i t h  p e r m i s s i o n  
f ro m  t h e  p u b l i s h e r ) .
i n t e s t i n a l  t r a c t .  An a d d i t i o n a l  r o l e  may b e  i n  t h e  b i n d i n g  of .  
im m u n o g lo b u l in  to  t h e  mucous l a y e r  c o a t i n g  t h e  e p i t h e l i a l  c e l l s  
(Tom asi  a n d  C a l v a n i c o ,  i 9 6 8 ; P o r t e r  e t  a l . . 1 9 7 2 ) .
A u t o r a d i o g r a p h i c  a n d  i m m u n o f l u o r e s c e n t  s t u d i e s h a v e  c o n v i n c i n g l y  
d e m o n s t r a t e d  t h a t  IgA o r i g i n a t e s  f ro m  l o c a l  s y n t h e s i s  a n d  
p r e d o m in a n c e  o f  I g A - p r o d u c i n g  p l a s m a  c e l l s  i n  t h e  l a m i n a  p r o p r i a  
o f  t h e  i n t e s t i n a l  t r a c t ,  b r o n c h i a l  a n d  n a s a l  m ucosae  a n d  p a r o t i d  
s a l i v a r y  g l a n d  h a s  b e e n  r e p o r t e d  (Tomasi  e t  a l . . 1 965 :  C ra b b e  
e t  a l . . 1963;  G-elzayd e t  a l . . 1967;  r . i a r t i n e z - t e l l o  e t  a l . . 1 9 6 8 ) .
How IgA p a s s e s  f ro m  t h e  s u b - e p i t h e l i a l  p l a s m a  c e l l s ,  t o  t h e  
e p i t h e l i a l  s u r f a c e  i s  a q u e s t i o n  t h a t  h a s  o n l y  r e c e n t l y  b e e n  
r e s o l v e d .  IgA i s  s e c r e t e d  b y  t h e  p l a s m a  c e l l s  i n  t h e  d i m e r i c  
f o r m  w i t h  t h e  J  c h a i n  b e i n g  c o v a l e n t l y  a t t a c h e d  d u r i n g  t h e  
f i n a l  s t a g e s  o f  i n t r a c e l l u l a r  a s s e m b l y  (H a lp e rn -  a n d  C of fm an ,
1 972 ;  B i e n e n s t o c k ,  1975)* I m m u n o f l u o r e s c e n t  a n d  i m m u n o e l e c t r o n  
m i c r o s c o p i c  s t u d i e s  i n d i c a t e  t h a t  IgA p a s s e s  t h r o u g h  g a p s  i n  
t h e  b a s e m e n t  membrane i n t o  t h e  i n t e r c e l l u l a r  s p a c e s  b e t w e e n  
e p i t h e l i a l  c e l l s ,  b u t  i s  p r e v e n t e d  f ro m  r e a c h i n g  t h e  lumen b y  
t h e  t i g h t  j u n c t i o n  ( z o n a  o c c l u d e n s ) .  H e r e ' s e c r e t o r y  com ponen t  
t h a t  h a s  b e e n  s y n t h e s i s e d  b y  t h e  G o l g i  a p p a r a t u s  o f  t h e  
e p i t h e l i a l  c e l l s  an d  h a s  b e e n  t r a n s p o r t e d  t h r o u g h  t h e  c e l l s  
t o  t h e  l u m i n a l ' a n d  l a t e r a l  s u r f a c e s  w h ere  i t  i s  i n c o r p o r a t e d  
i n t o  t h e  c e l l  membrane,  a c t s  as  a r e c e p t o r  f o r  t h e  IgA w h i c h  
i s  t h e n  t r a n s p o r t e d  t h r o u g h  t h e  a p i c a l  p o r t i o n  o f  t h e  c e l l s  a n d  
s e c r e t e d  i n t o  t h e  lumen ( T o u r v i l l e  e t  a l . , 1 969 ;  A l l e n  e t  a l . , 
1973 ;  B i e n e n s t o c k ,  1975)*
A l t h o u g h  IgA h a s  b e e n  shown to  b e  t h e  p r e d o m i n a n t  i m m u n o g l o b u l in  
i n  t h e  e x t e r n a l  s e c r e t i o n s  o f  m o s t  mammals,  i t  i s  b y  no  means
t h e  o n l y  im m u n o g lo b u l in  found* C rab b e  e t  a l . ( 1 9 6 5 ) u s i n g  
t h e  i m m u n o f l u o r e s c e n t  - t e c h n i q u e ,  f o u n d  t h a t  w h i l s t  p l a s m a  
c e l l s  c o n t a i n i n g  IgA w ere  v e r y  num erous  i n  t h e  i n t e s t i n a l  
mucosa  ( 1 8 1 , 0 0 0  p e r  cu.mm. ) ,  l a r g e  n u m b e rs  o f  IgG . a n d  IgM- 
c o n t a i n i n g  p l a s m a  c e l l s  w ere  a l s o  p r e s e n t  ( 1 8 , 0 0 0  a n d  3 0 ,0 0 0  
p e r  cu.mm. r e s p e c t i v e l y ) .  I n  p a t i e n t s  s u f f e r i n g  f ro m  i s o l a t e d  
IgA d e f i c i e n c y ,  t h e  a b s e n c e  o f  IgA i n  e x o c r i n e  s e c r e t i o n s  has. 
^ .b e e n  shown to  b e  c o u n t e r - b a l a n c e d  by  r e p l a c e m e n t  w i t h  IgM— 
c o n t a i n i n g  c e l l s  ( C r a b b e  a n d  H erem an n s ,  1 9 6 6 ) .  S i m i l a r l y ,  
p a t i e n t s  w i t h  h e r e d i t a r y  t e l a n g i e c t a s i a  a p p a r e n t l y  r e p l a c e  
IgA w i t h  b o t h  IgG a n d  IgM so t h a t  t o t a l  im m u n o g lo b u l in  l e v e l s  
i n  t h e  s e c r e t i o n s  a r e  a p p r o x i m a t e l y  n o r m a l  ( B e l l a n t i  e t  a l . ,
1 9 6 6 ) .  O gra  e t  a l . (197U) h a v e  d e m o n s t r a t e d  i n  I g A - d e f i c i e n t  
s u b j e c t s ,  t h e  l o c a l  p r o d u c t i o n  o f  n a s o p h a r y n g e a l  IgG a n d  IgM 
^ a n t i b o d y  a f t e r  i n t r a n a s a l  i m m u n i s a t i o n  w i t h  i n a c t i v a t e d  p o l i o -  
v a c c i n e  o r  i n t r a n a s a l  IgG a n t i b o d y  a f t e r  i n f e c t i o n  w i t h  
r u b e l l a  v a c c i n e .  S u c h  r e s u l t s  d e m o n s t r a t e  t h a t - I g G  a n d  IgM 
p l a y  a r o l e  i n  m u c o sa l  d e f e n c e  an d ,  i n  c e r t a i n  c i r c u m s t a n c e s ,  
can r e p l a c e  IgA c o m p l e t e l y .
A l t h o u g h  some IgG i s  l o c a l l y  s e c r e t e d ,  m os t  o f  t h e  IgG f o u n d  
i n  s e c r e t i o n s  i s  d e r i v e d  f ro m  t h e  s e ru m  o f t e n  as  t h e  r e s u l t  o f  
i n f l a m m a t o r y  r e a c t i o n s  f o l l o w i n g  i n f e c t i o n .  I n  t h i s  way 
c i r c u l a t i n g  a n t i b o d y  can r e a c h  t h e  m u c o sa l  s u r f a c e s  a n d  a s s i s t  
' i n  c o m b a t i n g  i n f e c t i o n .  F u r t h e r m o r e ,  i t  h a s  b e e n  s u g g e s t e d  t h a t  
IgE  p r o d u c e d  b y  p l a s m a  c e l l s  a b u n d a n t  i n  t h e  r e s p i r a t o r y  a n d  
g a s t r o - i n t e s t i n a l  m ucosa ,  may a s s i s t  im m u n o g lo b u l in  l e a k a g e  
f ro m  t h e  s e r u m  b y  a l t e r i n g  t i s s u e  p e r m e a b i l i t y  a s  a r e s u l t  o f  
an a l l e r g i c  t y p e  r e a c t i o n  b e tw e e n  IgE a t t a c h e d  to  m a s t  c e l l s  
i n  t h e  mucous membrane an d  a n t i g e n  ( I s h i z a k a  e t  a l . , 1 9 7 1 ) -
The d i s c o v e r y  t h a t  11S IgA p r e d o m i n a t e s  i n  t h e  s e c r e t i o n s  
b a t h i n g  mucous membranes  an d  t h a t  t h i s  p r e d o m in a n c e  was a 
d i r e c t  r e s u l t  o f  l o c a l i s e d  s y n t h e s i s  a n d  s e c r e t i o n  b y  p l a s m a  
c e l l s  i n  t h e  l a m i n a  p r o p r i a  o f  t h e  mucosa,- s t r o n g l y  s u g g e s t s  
t h a t  a n t i b o d i e s  p r e s e n t  i n  t h e  s e c r e t i o n s  f o l l o w i n g  i n f e c t i o n  
o r  t o p i c a l  i m m u n i s a t i o n  w ere  d e r i v e d  f r o m ’ t h i s  l o c a l  s o u r c e  
( R o s s e n  e t  a l »-. 1971 \> S t u d i e s  on t h e  im m u n i ty  t h a t  d e v e l o p s  
f o l l o w i n g  v a c c i n a t i o n  w i t h  p o l i o v i r u s  a n d  c e r t a i n  r e s p i r a t o r y  
v i r u s e s  h e l p e d  t o  c o n f i r m  t h a t  t h i s  was i n d e e d  t h e  c a s e .
Ogra  e t  a l . ( 1 9 6 8 )  c o m p ared  t h e  e f f e c t  o f  o r a l  a d m i n i s t r a t i o n  
o f  a t t e n u a t e d  p o l i o v i r u s  v a c c i n e  w i t h  p a r e n t e r a l  i m m u n i s a t i o n  
w i t h  i n a c t i v a t e d  v i r u s  v a c c i n e  on t h e  d e v e l o p m e n t  o f  a n t i b o d y  
i n  t n e  s e ru m  a n d - s e c r e t i o n s  o f  c h i l d r e n .  The s e ru m  a n t i b o d y  
r e s p o n s e  an d  i t s  d i s t r i b u t i o n  i n  t h e  3 main i m m u n o g lo b u l in  
c l a s s e s  was s i m i l a r  f o l l o w i n g  e i t h e r  r o u t e  o f  i m m u n i s a t i o n ,  
b u t  s e c r e t o r y  a n t i b o d y  o n l y  a p p e a r e d  a s  a r e s u l t  o f  o r a l  
v a c c i n a t i o n .  IgA a n t i b o d y  to  p o l i o v i r u s  i n  n a s a l  a n d  d u o d e n a l  
s e c r e t i o n s  was f i r s t  d e t e c t e d  a b o u t  2 weeks f o l l o w i n g  o r a l  
v a c c i n a t i o n  and  no d e c l i n e  i n  t i ' t r e ' w a s  o b s e r v e d  o v e r  t h e  
s u b s e q u e n t  2 y e a r s .  T h e s e  o b s e r v a t i o n s  l e d  O gra  an d  K a rz o n  
( 1 9 6 9 a )  to  exam ine  t h e  r e s p o n s e  i n d u c e d  b y  l a r g e  o r a l  d o s e s  o f 5 
i n a c t i v a t e d  p o l i o v i r u s  v a c c i n e  a n d  t h e y  f o u n d  t h a t  t h i s  r e s u l t e d  
i n  a s p e c i f i c  IgA a n t i b o d y  r e s p o n s e  i n  t h e  n a s o p h a r y n x  w i t h o u t  
an a s s o c i a t e d  s e ru m  a n t i b o d y  r e s p o n s e .  F u r t h e r m o r e ,  t h e  a n t i b o d y  
a p p e a r e d  i n  n a s o p h a r y n g e a l  w a s h i n g s  as  e a r l y  as  5 d ay s  a f t e r  
i m m u n i s a t i o n  b u t  t h e  r e s p o n s e  o n l y  l a s t e d  f o r  60 -  100 d a y s .  
R e - i m m u n i s a t i o n ’ p r o d u c e d  a r e s p o n s e  s i m i l a r  i n  m a g n i t u d e  t o  t h e  
f i r s t ,  b u t  i t  p e r s i s t e d  f o r  o n l y  30  -  ^  days  w i t h  no e v i d e n c e  
o f  an a n a m n e s t i c  r e s p o n s e .  The l a t t e r  f i n d i n g  s u g g e s t s  t h a t
i m m u n o l o g i c a l  memory may b e  p o o r l y  d e v e l o p e d  o r : a b s e n t  w i t h i n  
t h e  s e c r e t o r y  IgA s y s t e m .
E v i d e n c e  f o r  h i g h l y  r e s t r i c t e d  l o c a l i s a t i o n  o f  s e c r e t o r y  
a n t i b o d y  p r o d u c t i o n  was d e m o n s t r a t e d  b y  Ogra a n d  K a rz o n  ( 1 9 6 9 b). 
who i n f e c t e d  s u r g i c a l l y - i s o l a t e d  s e g m e n ts  o f  t h e  l o w e r  a l i m e n t a r y  
- t r a c t  w i t h  a t t e n u a t e d  p o l i o v i r u s  v a c c i n e .  U n d e r  t h e s e  c o n d i t i o n s  
t h e  IgA a n t i b o d y  r e s p o n s e  was l i m i t e d  e s s e n t i a l l y  t o  t h e  i n f e c t e d  
p o r t i o n  o f  t h e  g u t  a n d  no s e c r e t o r y  a n t i b o d y  was d e m o n s t r a t e d  
w i t h i n  t h e  n a s o p h a r y n x ,  even th o u g h  a p p r e c i a b l e  l e v e l s ' o f  s e ru m  
a n t i b o d i e s  d e v e l o p e d ,  i n d i c a t i n g  t h a t  t h e  IgA r e s p o n s e  o n l y  
o c c u r s  as  a r e s u l t  o f  d i r e c t  a n t i g e n i c  s t i m u l a t i o n  o f  t h e  
m u c o sa l  im m u n o c y te s .
T h a t  t h e  p r e s e n c e  o f  IgA a n t i b o d y  i n  s e c r e t i o n s  c o n f e r s  r e s i s t a n c e  
a g a i n s t  i n f e c t i o n  was d e m o n s t r a t e d  i n  i n f a n t s  w i t h  v a r i a b l e  
am ounts  o f  IgA a n t i b o d y  to  p o l i o v i r u s  i n  t h e i r  n a s a l  s e c r e t i o n s  
(O g ra  a n d  K a r z o n ,  1 9 6 9 b ) .  A t t e n u a t e d  p o l i o v i r u s  was a d m i n i s t e r e d  > 
a n d  v i r u s  e x c r e t i o n  s u b s e q u e n t l y  m e a s u r e d .  H ig h  c o n c e n t r a t i o n s  
o f  n a s a l  s e c r e t i o n  a n t i b o d y  r e s u l t e d  i n  l i t t l e  o r  no v i r u s  
r e p l i c a t i o n ,  w h e re a s  p r o g r e s s i v e l y  l o w e r  c o n c e n t r a t i o n s  o f  
a n t i b o d y  r e s u l t e d  i n  an i n c r e a s i n g  d e g r e e  o f  v i r u s  r e p l i c a t i o n  
a n d  e x c r e t i o n .
S t u d i e s  o f  im m u n i ty  t o  i n f l u e n z a  v i r u s  i n  b o t h  man a n d  a n i m a l s  
h a v e  l a r g e l y  c o n f i r m e d  t h e  f i n d i n g s  o f  t h e  p o l i o v i r u s  s t u d i e s .  
F a z e k a s  de S t .  G r o t h  (1 9 3 0 )  e x a m in e d  t h e  r e s p o n s e  i n  m ic e  t o  t h e  
a d m i n i s t r a t i o n  o f  l i v e  an d  i n a c t i v a t e d  i n f l u e n z a  v i r u s  b y  t h e  
i n t r a n a s a l  a n d  p a r e n t e r a l  r o u t e s  a n d  o b s e r v e d  t h a t  i m m u n i s a t i o n  
b y  t h e  i n t r a n a s a l  r o u t e ,  i r r e s p e c t i v e  o f  t h e  t y p e  o f  v a c c i n e ,  was 
m o s t  e f f e c t i v e  i n  s t i m u l a t i n g  b r o n c h i a l  s e c r e t i o n  a n t i b o d y  a n d
r e s i s t a n c e  to  c h a l l e n g e .
i •
E x p e r i m e n t s  i n  man, w h i l s t  g e n e r a l l y  s u p p o r t i n g  t h e s e  f i n d i n g s ,  
h a v e  u s u a l l y  b e e n  c o m p l i c a t e d  b y  t h e  p r e s e n c e  o f  p r e - e x i s t i n g ,  
n a t u r a l l y  a c q u i r e d  i n f l u e n z a  a n t i b o d y  i n  t h e  s e ru m .  S u ch  s u b j e c t s ,  
when v a c c i n a t e d ,  show a r i s e  i n  n a s a l  s e c r e t i o n  IgA a n t i b o d y  w i t h -
i
i n  *10 -  days  (R o s se n  e t  a l . . 1 9 7 0 ) .  How ever ,  i n  t h e . a b s e n c e  
o f  p r e - e x i s t i n g  a n t i b o d y  t h e  n a s a l  IgA a n t i b o d y  r e s p o n s e  was 
o f  a l o w e r  m a g n i t u d e  a n d  l a t e r  i n  a p p e a r a n c e  ( A l f o r d  e t  a l . ,
1 9 6 7 ) .  S i m i l a r  r e s u l t s  came f ro m  a s t u d y  o f  e x p e r i m e n t a l  
r h i n o v i r u s  i n f e c t i o n  i n  w h ic h  n a s a l  a n t i b o d y  a p p e a r e d  s o o n e r  
a n d  a t t a i n e d  h i g h e r  l e v e l s  i n  s u b j e c t s  w i t h  p r e - e x i s t i n g  s e ru m  
a n t i b o d y  ( C a t e  e t  a l .  , 1 9 6 6 ) .  T h e se  f i n d i n g s  s u g g e s t e d ,  i n  
c o n t r a s t  to  t h e  p o l i o v i r u s  s t u d i e s  o f  O g r a : a n d  K arzon  ( 1 9 6 9 a ) ,  
t h a t  t h e  l y m p h o i d  t i s s u e  o f  t h e  r e s p i r a t o r y  t r a c t  d o e s  i n - ' f a c t  
p o s s e s s  a fo rm  o f  im m u n o l o g i c a l  memory. I t s  l i m i t e d  n a t u r e  
a p p e a r s  t o  b e  due to  t h e  l a c k  o f  f o l l i c u l a r  o r g a n i s a t i o n  t h r o u g h ­
o u t  m o s t  o f  t h e  s u b - m u c o s a l  s i t e s  w h ere  a n t i g e n  p r o c e s s i n g  a n d  
im m u n o g lo b u l in ,  s y n t h e s i s  t a k e s  p l a c e ,  to  t h e  n e g a t i v e  t r o p i s m  
t h a t  memory c e l l s  a p p e a r  to  h a v e  f o r  t h e  s u b - m u c o s a l  s i t e s  a n d  
t o  t h e  l i m i t e d - p r o l i f e r a t i v e  p o t e n t i a l  t h a t  t h e  I g A - p r o d u c i n g  
B - c e l l  l i n e  may h a v e  ( R o s s e n ,  1 9 7 5 ) .
The l o c a l i s a t i o n  o f  t h e  IgA a n t i b o d y  r e s p o n s e  i n  r e s p i r a t o r y  
s e c r e t i o n s  f o l l o w i n g  i n f l u e n z a - i n f e c t i o n  a p p e a r s  to  r e s e m b l e  
t h e  l o c a l i s e d  r e s p o n s e  o f  t h e  i n t e s t i n e  to  p o l i o v i r u s .  T h i s  
was i n d i c a t e d  b y  t h e  d e m o n s t r a t i o n  t h a t ,  a l t h o u g h  s i m i l a r  l e v e l s  
o f  IgA w e re  p r e s e n t  i n  n a s a l  s e c r e t i o n s ,  s p u tu m  an d  s a l i v a ,  
o n l y  n a s a l  s e c r e t i o n s  and  s p u tu m  show ed  n e u t r a l i s i n g  a c t i v i t y  a f t e r  
l o c a l  i m m u n i s a t i o n ,  s i n c e  t h e  s a l i v a r y  g l a n d s  w ere  n o t  s t i m u l a t e d  
d i r e c t l y  b y  a n t i g e n  e i t h e r  d u r i n g  i n f e c t i o n  o r  f o l l o w i n g  a e r o s o l
I •
o r  s u b c u t a n e o u s  i m m u n i s a t i o n  (Walaman e t _ a l . , 1971)* F u r t h e r m o r e ,  
i t  h a s  b e e n  shown t h a t  t h e r e  a r e  d i f f e r e n c e s  i n  r e s p o n s e  
b e t w e e n  d i f f e r e n t  p a r t s  o f  t h e  r e s p i r a t o r y  t r a c t .  T h u s ,  when- 
i n f l u e n z a  v i r u s  v a c c i n e  was a d m i n i s t e r e d  as  a l a r g e  p a r t i c l e  
a e r o s o l  (>24.0 ^,) o r  b y  n o s e  d r o p s ,  a b e t t e r  a n t i b o d y  r e s p o n s e  
o c c u r r e d  i n  n a s a l  s e c r e t i o n s  t h a n  i n  s p u tu m  (Waldman e t  a l ..,
197*0 .  C o n v e r s e l y ,  s m a l l  p a r t i c l e s  ( 1 . 5 ^ )  p r o d u c e d  a b e t t e r  
sp u tu m  r e s p o n s e .  T h e se  r e s u l t s  e m p h a s iz e  how r e s t r i c t e d  t h e  
a n t i b o d y  r e s p o n s e  o f  t h e  r e s p i r a t o r y  t r a c t  a p p e a r s  to  b e ,  
p a r t i c u l a r l y  when i n a c t i v a t e d ,  o r  w e a k l y  i n v a s i v e  l i v e  v i r u s  
v a c c i n e s  a r e  u s e d .
S e v e r a l  s t u d i e s  h a v e  shown t h a t  p r o t e c t i o n  ' a g a i n s t  r e s p i r a t o r y  - 
i n f e c t i o n  c o r r e l a t e s  w i t h  t h e  p r e s e n c e  o f  s e c r e t o r y  a n t i b o d y ,  
b u t  n o t  w i t h  c i r c u l a t i n g  a n t i b o d y .  F o r  ex a m p le ,  P e r k i n s  e t  a l . 
(1 9 6 9 )  Pound  t h a t  i n a c t i v a t e d  r h i n o v i r u s  g i v e n  i n t r a n a s a l l y  
p r o t e c t s  a g a i n s t  s u b s e q u e n t  ' c h a l l e n g e ,  w h e r e a s  i n t r a m u s c u l a r  
a d m i n i s t r a t i o n  o f  t h e  same p r e p a r a t i o n  p r o v i d e s  no. p r o t e c t i o n .  
A l t h o u g h  b o t h  r o u t e s  r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  c i r c u l a t i n g  
a n t i b o d y ,  o n l y  t h o s e  r e c e i v i n g  i n t r a n a s a l  v a c c i n e  d e v e l o p e d ,  
n a s a l  a n t i b o d y  a n d  i t  was t h i s  t h a t  c o r r e l a t e d  w i t h  t h e  p r o t e c t i o n  
a g a i n s t  c h a l l e n g e .  S i m i l a r l y ,  i n  a s t u d y  o f  t y p e  1 p a r a i n f l u e n z a  
v i r u s  i n f e c t i o n ,  S m i t h  e t  a l .  ( 1 9 6 6 ) show ed  t h a t  n a s a l  s e c r e t i o n  
a n t i b o d y  was a b e t t e r  i n d e x  o f  r e s i s t a n c e  to  i n f e c t i o n  t h a n  was 
c i r c u l a t i n g  a n t i b o d y .  C a u t i o n  m u s t  b e  e x e r c i s e d  i n ■t h e  a n a l y s i s  
o f  t h i s  k i n d  o f  r e s u l t  s i n c e  a l t h o u g h  s e c r e t o r y  a n t i b o d y  l e v e l s  
may c o r r e l a t e  w i t h  p r o t e c t i o n ,  t h e y  a r e  n o t  n e c e s s a r i l y  t h e  
c a u s e  o f  t h e  o b s e r v e d  p r o t e c t i o n ;  o t h e r  f a c t o r s  may b e  s t i m u l a t e d  
s i m u l t a n e o u s l y  and  p l a y  a l e s s e r  o r  g r e a t e r  r o l e ,  f o r  e x a m p le ,  
c e l l - m e d i a t e d  im m uni ty ;
J u s t  a s  s y s t e m i c  im m u n i ty  c o n s i s t s  o f  2 m a j o r  c o m p o n e n t s , '  
t h a t  i s  a n t i b o d y - m e d i a t e d  a n d  c e l l - m e d i a t e d  im m u n i ty ,  t h e r e  
h a v e  b e e n  r e c e n t  r e p o r t s  s u g g e s t i n g  t h a t  t h e  immune r e s p o n s e  
w i t h i n  t h e  r e s p i r a t o r y  t r a c t  a l s o  h a s  a c e l l - m e d i a t e d  immune 
com ponen t  w h ic h  i s  p r e f e r e n t i a l l y  s t i m u l a t e d  b y  l o c a l l y  
a d m i n i s t e r e d  a n t i g e n  (K enney  a n d  Waldman, 1970;  Waldman a n d  
H en n ey ,  1971;  G a l i n d o  a n d  M y rv ik ,  1 9 70 ;  N a s h  a n d  H o l l e ,  .1973)* 
H enney  a n d  Waldman ( 1 9 7 0 )  a n d  Y/aldman a n d  Henney  ( 1 9 7 1 )  'showed 
t h a t  i n  g u i n e a  p i g s  a d m i n i s t e r e d  d i n i t r o p h e n y l a t e d  human IgG 
b y  n o s e  d r o p s ,  t h e  b r o n c h i a l  w a s h i n g  l y m p h o c y t e s  s t r o n g l y  
i n h i b i t e d  t h e  m i g r a t i o n  o f  n o r m a l  p e r i t o n e a l  m a c r o p h a g e s ,  
w h i l s t ,  s p l e n i c  l y m p h o c y t e s  h a d  v i r t u a l l y  no i n h i b i t o r y  a c t i v i t y .  
C o n v e r s e l y ,  i n  a n i m a l s  im m u n ised  b y  a p a r e n t e r a l  r o u t e ,  s p l e n i c  
l y m p h o c y t e s  showed  m a rk e d  i n h i b i t o r y  a c t i v i t y  w h i l s t  b r o n c h i a l  
l y m p h o c y t e s  showed o n l y  weak i n h i b i t i o n .  A s i m i l a r  r e s u l t  
came f ro m  a s t u d y  o f  c e l l - m e d i a t e d  im m u n i ty  i n  g u i n e a  p i g s  
im m u n ise d  w i t h  a lo w  d o s e  o f  i n f l u e n z a  v i r u s , ,  a l t h o u g h 'w h e n  a 
l a r g e r  d o s e  o f  v a c c i n e  was a d m i n i s t e r e d ,  s i m i l a r  i n h i b i t o r y  
a c t i v i t y  was e x h i b i t e d  b y  b o t h  b r o n c h i a l  an d  s p l e n i c  l y m p h o c y t e s  
i r r e s p e c t i v e  o f  t h e  r o u t e  (Y/aldman e t  a l . , 1 9 7 2 ) .
T h e se  f i n d i n g s  w e re  c o n f i r m e d  b y  N ash  an d  H o l l e  ( 1 9 7 3 )  Who 
a l s o  d e m o n s t r a t e d ,  a l o n g  w i t h  G a d o l  e t  a l .  (197^-)? t h a t  
f o l l o v ' i n g  s e c o n d a r y  s t i m u l a t i o n  o f  g u i n e a  p i g s  w i t h  a n t i g e n ,  
s e n s i t i s e d  l y m p h o c y t e s  a p p e a r e d  e a r l i e r ,  b o t h  l o c a l l y  i n  t h e  
b r o n c h i a l  w 'ashings  a n d  s y s t e m i c a l l y  i n  t h e  s p l e e n ,  t h a n  a f t e r  
p r i m a r y  s t i m u l a t i o n .  T h i s  s u g g e s t e d  t h a t  a d e g r e e ,  o f  immuno­
l o g i c a l  memory e x i s t e d  b u t ,  a l t h o u g h  t h e  s e c o n d a r y  r e s p o n s e  
a p p e a r e d  2 - 3  days  b e f o r e  t h e  p r i m a r y ,  no e v i d e n c e  was f o u n d  
f o r  a h e i g h t e n e d  o r  more p r o l o n g e d  s e c o n d a r y  r e s p o n s e .
T h e s e  r e s u l t s  h e l p  t o  i l l u s t r a t e  t h e  c o m p l e x i t y  o f  t h e  immure 
r e s p o n s e  t o  r e s p i r a t o r y  v i r u s  i n f e c t i o n ,  N ot  o n l j r  do s p e c i f i c  . 
a n t i b o d i e s  i n  mucous s e c r e t i o n s  a n d  t h e  c i r c u l a t i o n ,  p l a y  a : 
r o l e ,  h u t  so  do s e n s i t i s e d  l y m p h o c y t e s ,  b o t h  l o c a l l y  a n d  
s y s t e m i c a l l y .  F u r t h e r m o r e ,  t h e  p a r t  p l a y e d  b y  t h e  v a r i o u s  .; 
com ponen ts  a t  t h e  d i f f e r e n t  s i t e s  v a r i e s  a c c o r d i n g  to  t h e  
r o u t e  o f  a d m i n i s t r a t i o n  o f  a n t i g e n .
L o c a l  im m u n i ty  i n  t h e  c h i c k e n  h a s ,  u n t i l  r e l a t i v e l y  r e c e n t l y ,  
b e e n  l i t t l e  s t u d i e d ,  F ia r ly  work  on t h e  i m m u n o g lo b u l in  c o n t e n t  
o f  c h i c k e n  s e ru m  show ed  t h a t  i t  c o n t a i n e d  a t  l e a s t  2 t y p e s  
o f  im m u n o g lo b u l in  t h a t  p r o d u c e d  d i s t i n c t  p r e c i p i t i n  b a n d s  
w i t h  a r a b b i t  a n t i s e r u m '  to  n o r m a l  c h i c k e n  ' s e ru m ,  one  w i t h  a 
h i g h  m o l e c u l a r  w e i g h t  an d  t h e  o t h e r  a low  m o l e c u l a r  w e i g h t  
( O r l a n s  e t _ a l , , .  196*1 )• L e s l i e  an d  Clem (1 9 6 9 )  e x a m in e d  t h e  
p h y s i c o - c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e s e  i m m u n o g l o b u l in s  a n d  
c o n c l u d e d  t h a t  w h i l e  t h e  16 . 7S m a c r o g l o b u l i n  c l o s e l y  r e s e m b l e d  
mammalian IgM, t h e  p h y l o g e n e t i c  s t a t u s  o f  t h e  7. IS m o l e c u l e  
was l e s s  c l e a r  a s  i t  c o u l d  n o t  b e  shown to  a l i g n  ' v e r y  c l o s e l y  
w i t h  an y  o f  t h e  mammalian im m u n o g l o b u l in s .  They  t h e r e f o r e  
s u g g e s t e d  t h e  d e s i g n a t i o n  IgY f o r  t h e  7* iS  m o l e c u l e .  How ever ,  
t h i s  t e r m  h a s  n o t  b e e n  g e n e r a l l y  a c c e p t e d ,  IgG b e i n g '  t h e  
p r e f e r r e d  d e s i g n a t i o n *
I m m u n o g lo b u l in  o f  t h e  IgA c l a s s  h a s  b e en  d e m o n s t r a t e d  i n  b o t h  
t h e  s e c r e t i o n s  a n d  s e ru m  o f  t h e  c h i c k e n  ( L e b a c q - V e r h e y d e n  e t  a l . , 
1 9 7 2 a ;  O r l a n s  an d  R o s e ,  1972 ;  B i e n e n s t o c k  e t  a l .  , 1 9 7 2 ) .  I t  
h a s  b e e n  shown t o  p o s s e s s  b o t h  l i g h t  and  h e a v y  c h a i n s ,  t h e  
l a t t e r  sh o w in g  no r e a c t i o n  o f  i d e n t i t y  w i t h  t h e  h e a v y  c h a i n s  
o f  IgG a n d  IgM, a n d  e l e c t r o p h o r e t i c a l l y  i t  e x h i b i t e d  Sg m o b i l i t y
'which, r e s e m b l e d  t h a t  o f  mammalian IgA ( h e b a c c - V e r h e y d e n  e t  a l .  * ■
■ v  *  — - ----------
19 7 2 a ;  B i e n e n s t o c k  e t  a l . , 1 9 7 2 ; - L e s l i e  and M a r t i n ,  1 9 7 3 ) .  B o th
s e ru m  an d  s e c r e t o r y  IgA showed c o n s i d e r a b l e  s i z e  h e t e r o g e n e i t y
w i t h  s e ru m - Ig A  o c c u r r i n g  m a i n l y  i n  a h i g h  m o l e c u l a r  w e i g h t  f o rm
( > 2 0 0 , 0 0 0 ) ,  b u t  w i t h  a s m a l l e r  f r a c t i o n  e l u t i n g  i n  t h e  7S r e g i o n
( 1 7 0 , 0 0 0  -  1 8 0 , 0 0 0 )  an d  s e c r e t o r y  IgA sh o w in g  a s e d i m e n t a t i o n
c o n s t a n t  o f  1 1 . 9  — 16 . 2S u n d e r  v a r i o u s  c o n d i t i o n s  ( B i e n e n s t o c k
e t  a l . , 1 9 7 3 a )  o r  a h i g h  m o l e c u l a r  w e i g h t  o f  330 ,000  -  3 6 0 , 0 0 0
( L e s l i e  and M a r t i n ,  1 9 7 3 ) .  M i l d  r e d u c t i o n  w i t h  7,-mer cap to  e t h a n o l
an d  d i t h i o t h r e i t o l  h a d  l i t t l e  e f f e c t  on s e c r e t o r y  IgA w h i l s t
s e ru m  IgA was. d i s s o c i a t e d  to  a s i z e  o f  a p p r o x i m a t e l y  175*000  1A7.
T h e se  r e s u l t s  r e s e m b l e  t h o s e  f ro m  r e d u c t i o n  s t u d i e s  o f  human
IgA (Tom as i  e t  a l . , 1965)  a n d  s u g g e s t . t h a t  • c h i c k e n  s e ru m  IgA
e x i s t s  l a r g e l y  i n  a r e a d i l y  r e d u c i b l e  p o l y m e r i c  fo rm ,  w h e r e a s
t h e  s e c r e t o r y  IgA p o l y m e r s  a r e  more r e s i s t a n t  to  r e d u c t i o n ,
\
p o s s i b l y  s t a b i l i s e d  b y  a t y p e  o f  s e c r e t o r y  com ponen t .  E v i d e n c e  
f o r  a s e c r e t o r y  component  w i t h i n  c h i c k e n  s e c r e t o r y ;  IgA comes 
f ro m  s t u d i e s  i n  w h ic h  human s e c r e t o r y  com ponent  was a d d e d  to  
s e ru m  and s e c r e t o r y  c h i c k e n  IgA a n d  t h e  amount o f  s p e c i f i c  
b i n d i n g  m e a s u r e d  ( B i e n e n s t o c k  e t  a l . , 1 9 7 3 a ) .  Serum b u t  n o t  
s e c r e t o r y  IgA b o u n d  human s e c r e t o r y  com ponen t ,  w h ic h  s u g g e s t s  
t h a t  c h i c k e n  s e c r e t o r y  IgA may p o s s e s s  i t s  ow n - fo rm  o f  s e c r e t o r y  
com ponen t .  F u r t h e r  s u p p o r t  f o r  t h e  e x i s t e n c e  o f  a s e c r e t o r y  
com ponent  i n  c h i c k e n  s e c r e t i o n s  comes f ro m  K a t z  e t  a l . (1 9 7 U ) ,  
W a tan ab e  e t  a l . ( '1975) an d  P o r t e r  a n d  P a r r y  ( 1 9 7 6 ) .
A m a j o r  c h a r a c t e r i s t i c  o f  mammalian IgA i s .  i t s  p r e d o m i n a n c e  i n  
the: e x t e r n a l  s e c r e t i o n s  (Tom asi  a n d  Z ie g e lb a u m ,  1 96 3 ) .  C h ic k e n  
IgA a p p e a r s  to  b e  s i m i l a r l y  d i s t r i b u t e d  v / i t h  r e p o r t s  o f  i t s  
i s o l a t i o n  f r o m - b i l e ,  i n t e s t i n a l  s e c r e t i o n s ,  s a l i v a ,  o v i d u c t  a n d
■ bronch ia l  s e c r e t i o n s  ( L e b a c q - V e r h e y d e n  e t  a l .-. '1972b ;  O r l a h s  
a n d - R o s e ,  1972 ;  B i e n e n s t o c k  e t  a l . , 1972;  P a r r y  a n d  A i t k e n ,
19 7 3 ) -  I n d e e d ,  i t  was p r a c t i c a l l y  t h e  s o l e  i m m u n o g lo b u l in  .
p r e s e n t  i n  b i l e  and  *a c a e c a !  - im m u n o g lo b u l in  e x t r a c t .  L e s l i e  
an d  M a r t i n  ( 1 9 7 3 )  f o u n d  t h a t  t h e  Ig A :Ig Y  ( ig G )  r a t i o  i n  a l l  
t h e  s e c r e t i o n s  t h e y  e x a m in e d  was g r e a t e r  t h a n  t h a t ' f o u n d  i n  
se rum .
I m m u n o f l u o r e s c e n t  s t u d i e s  c o n f i r m e d  t h e s e  f i n d i n g s  b y  
d e m o n s t r a t i n g  t h a t  m o s t  o f  t h e  i m m u n o g l o b u l i n - c o n t a i n i n g  
p l a s m a  c e l l s  i n  t h e  l a m i n a  p r o p r i a  o f  t h e  i n t e s t i n a l  m ucosa  
v/ere s e c r e t i n g  IgA. F u r t h e r m o r e ,  num erous  I g A - c o n t a i n i n g  . c e l l s  
w e re  o b s e r v e d  i n  t h e  s u b -m u c o s a  o f  t h e  b r o n c h i  and '  o v i d u c t .  
(L e b a c q - V e r h e y d e n  e t  a l . . 1 9 7 2 b ) .  A c c o r d i n g  to  B i e n e n s t o c k  e t  a l . 
( 1973b)  t h e  o n l y  e x o c r i n e  g l a n d u l a r .s t r u c t u r e  a p p a r e n t l y  n o t  
c h a r a c t e r i s e d  b y  an IgA im m u n o g lo b u l in  s y s t e m  to  b e  f o u n d  so  
f a r ,  i s  t h e  g l a n d  o f  H a r d e r ,  an o c u l o - n a s a l  g l a n d  r i c h  i n  
p l a s m a  c e l l s  w h ic h  h a s  b e en  i m p l i c a t e d  i n  t h e  l o c a l  Immune 
r e s p o n s e  o f  t h e  c h i c k e n  (Bang a n d  Bang,  1968;  M u e l l e r  e t  a l . .
1 9 7 1 ) .  Hov/ever,  t h e s e  r e s u l t s  a r e  a t  v a r i a n c e  w i t h  t h o s e  o f  
P a r r y  a n d  Ait lcen  (1 9 7 3 )?  who f o u n d  many I g A - c o n t a i n i n g  c e l l s  
i n  t h e  H a r d e r i a n  g l a n d ,  an d  A l b i n i  e t  a l . ( 1 9 7 4 ) ,  sh o w ed
t h a t  b o t h  IgA a n d  I g G - p r o d u c i n g  c e l l s  w e re  n um erous  f ro m  h  weeks  
o f  age  onw ards  w i t h  a l m o s t  50% o f  t h e  c e l l s  I g A - p o s i t i v e . .  a f t e r  
11 w eeks .  T h e s e  d i f f e r e n c e s  may b e  t h e  r e s u l t  o f  v a r i a t i o n  i n  
t h e  s p e c i f i c i t i e s  o f  t h e  a n t i s e r a  u s e d  f o r  i n v e s t i g a t i o n .
A n t i b o d y  a c t i v i t y  o f  i s o l a t e d  IgA was d e m o n s t r a t e d  b y  L e b a c q -  
V e rh e y d e n  e t  a l .  ( 1 9 7 2 a )  i n  c h i c k e n s  im m u n ised  a g a i n s t  f e r r i t i n .  
W h i le  b o t h  immune an d  non- im m une  s e r a  r e a c t e d  w i t h  a n t i - s e r u m
to  p r o d u c e  a p r e c i p i t i n  l i n e  a p p a r e n t  when s t a i n e d  f o r  
p r o t e i n s ,  o n l y  t h e  p r e c i p i t i n  l i n e  f ro m  th e ' im m u n e  s e r a  
r e a c t e d  w i t h  f e r r i t i n .  B o th  B i e n e n s t o c k  e t  a l . ( 1 9 7 2 ) '  an d  
L e s l i e  a n d  M a r t i n  (1 9 7 3 )  c o n f i r m e d  t h i s  o b s e r v a t i o n .
A l t h o u g h  t h e  i d e n t i f i c a t i o n  o f  IgA i n  t h e  c h i c k e n  a n d  i t s
d e m o n s t r a t i o n  i n  t h e  e x t e r n a l  s e c r e t i o n s  h a s  o n l y  r e c e n t l y
b e e n  a c h i e v e d ,  t h e  r e s u l t s  o f  a num ber  o f  e a r l i e r  s t u d i e s  
*
s u g g e s t e d  t h a t  a fo rm  o f  l o c a l  im m u n i ty  d i d  e x i s t .  Some o f  
t h e  e a r l i e s t  i n d i c a t i o n s  f o r  such,  a m echan ism  came f ro m  
s t u d i e s  i n  w h ic h  c i r c u l a t i n g  a n t i b o d y  c o n c e n t r a t i o n s  o f  
i n d i v i d u a l  c h i c k e n s  w e re  r e l a t e d  to  t h e i r  a b i l i t y  t o  w i t h s t a n d  
c h a l l e n g e .  B o th  D o l l  e t  a l . ( 1 9 5 0 )  a n d  L e v i n e  a n d  F a b r i c a n t  
( 1 9 5 0 )  s t u d y i n g  im m u n i ty  to  N e w c a s t l e  d i s e a s e  (ND) shov/ed 
t h a t  c i r c u l a t i n g  a n t i b o d y  to  ND v i r u s  (NDV) f a i l e d  to  
p r o t e c t  a g a i n s t  i n f e c t i o n  o f  t h e  r e s p i r a t o r y  t r a c t ,  a r e s u l t  
l a t e r  c o n f i r m e d  b y  .Bankov/ski e t  a l . ( 1 9 5 8 )  a n a  B e a r d  a n d  
E a s t e r d a y  (1967  ) .
C o m p arab le  s t u d i e s  o f  im m u n i ty  to  a v i a n  i n f e c t i o u s  b r o n c h i t i s  
(AIB) l e d  R ag g i  a n d  L ee  (1 9 5 8 ,  1 9 65 ) o b s e r v e  t h a t  h i g h  . 
c o n c e n t r a t i o n s  o f  c i r c u l a t i n g  v i r u s - n e u t r a l i s i n g  (VN) a n t i b o d y  
f a i l e d  to  - p r e v e n t  r e s p i r a t o r y  t r a c t  i n f e c t i o n  w i t h  AIB v i r u s  
(IBV) and  t h e  s u b s e q u e n t  r e s p i r a t o r y  d i s t r e s s .  They  a l s o  
f o u n d  t h a t  even lo w  c o n c e n t r a t i o n s  o f  VN a n t i b o d y '  d i d  n o t  
n e c e s s a r i l y  i m p l y  s u s c e p t i b i l i t y  to  c h a l l e n g e ,  so  t h e y  w e re  
f o r c e d  to  c o n c l u d e  t h a t  im m u n i ty  to  IBV may n o t  b e  f u l l y  
r e p r e s e n t e d  b y  t h e  p r e s e n c e  o f  a n t i b o d i e s  i n  t h e  s e ru m .
S i m i l a r  r e s u l t s  l e d  H o f s t a d  (1 9 6 1 ,  1967)  to  c o n c l u d e  t h a t  
t h e  p a r t i a l  r e s i s t a n c e ' e x h i b i t e d  b y  c h i c k e n s ,  p r e v i o u s l y
e x p o s e d  to  an a e r o s o l  o f  IBV, a p p e a r e d - t o  b e  t h e  r e s u l t  o f  
l o c a l  r e s p i r a t o r y  t r a c t  im m u n i ty ,  p o s s i b l y  m e d i a t e d  by.VN 
a n t i b o d y ,  an d  c o u l d  n o t  b e  c o r r e l a t e d  .w i th  se ru m  a n t i b o d y  
l e v e l s .  A l a c k  o f  c o r r e l a t i o n  b e tw e e n  se rum  a n t i b o d y  
c o n c e n t r a t i o n s  an d  r e s i s t a n c e  to  c h a l l e n g e  h a s  a l s o  b e e n  
f o u n d  in  s t u d i e s  o f  i n f e c t i o u s  l a r y n g o t r a c h e i t i s  ( H i t c h n e r  
a n d  W i n t e r f i e l d ,  1 9 6 0 ;  S h i b l e y  e t  a l . , 1962 ) .  ,
More r e c e n t  work  on l o c a l  im m u n i ty  h a s  b e e n  m a i n l y  c o n c e r n e d  
w i t h  ND. A p o s s i b l e  m echan ism  b y  w h ic h  r e s p i r a t o r y  t r a c t  
im m u n i ty  may f u n c t i o n  i n d e p e n d e n t l y  i s  b y  t h e  l o c a l  s e c r e t i o n  
o f  s p e c i f i c  a n t i b o d y .  P o n t e c o r v o  an d  L o m b a rd i  (1966')  w ere  
f i r s t  to  d e m o n s t r a t e  VN a n t i b o d y  a c t i v i t y  i n  r e s p i r a t o r y  
t r a c t  w a s h in g s  -20 days  a f t e r  i n t r a n a s a l  NDV i n f e c t i o n .  T h i s  
r e s u l t  was c o n f i r m e d  b y  b o t h  L u th g e n  ( 1 9 7 2 ) ,  -who f o u n d  VN 
an d  m e r c a p t o e t h a n o l  s e n s i t i v e  h a e m a g g l u t i n a t i o n - i n h i b i t i n g  
(H I )  a n t i b o d i e s  i n  t r a c h e a l  w a s h in g s  19 days  a f t e r  i n f e c t i o n  
w i t h  a m e s o g e n ic  s t r a i n  o f  NDV, and  Y o s h id a  e t  a l . (197*1 )» 
who r e p o r t e d  t h a t  t r a c h e a l  VN a n t i b o d y  r e a c h e d  a maximum 
2 weeks a f t e r  NDV i n f e c t i o n  an d  was d e m o n s t r a b l e  f o r  a t  l e a s t  
6 — iO w eeks .  I n  c o n t r a s t  to  t h i s  was a r e p o r t  b y  P a r r y  a n d  
M t k e n  (1973). w h ic h  showed t h a t  t r a c h e a l  VN a n t i b o d y  was o f  
s h o r t  d u r a t i o n  a n d  r e a c h e d  a p e a k  b y  7 days ,  a f t e r  i n f e c t i o n  
b u t  th e n  q u i c k l y  s u b s i d e d .
Few a t t e m p t s  h a v e  b e e n  made to  s t i m u l a t e  a l o c a l  immune 
r e s p o n s e  i n  t h e  c h i c k e n  b y  t h e  d i r e c t  e x p o s u r e  o f  t h e  
r e s p i r a t o r y  e p i t h e l i u m  to  i n a c t i v a t e d  v i r u s .  Y o s h i d a * ( 1 9 7 1 )  
f a i l e d  t o  s t i m u l a t e  any  t r a c h e a l  VN a n t i b o d y  a f t e r  t h e  i n t r a ­
t r a c h e a l  a d m i n i s t r a t i o n  o f  i n a c t i v a t e d  NDV, w h e r e a s  Z a k a y -
Rones e t  a l . ( 1 9 7 1 )  r e p o r t e d  t h e  ap p e a ran c e ,  o f  HI a n t i b o d y  
i n ' w h o l e  l u n g  h o m o g e n a te s  as  t h e  r e s u l t  o f  r e p e a t e d  i n t r a -  
n a s a l  a d m i n i s t r a t i o n  o f  i n a c t i v a t e d  NDV. By a d m i n i s t e r i n g  
2 d o s e s  o f  i n a c t i v a t e d  IBV b y  a e r o s o l *  C o r i a . ( 1 9 7 3 )  
s u c c e e d e d  i n  s t i m u l a t i n g  b o t h  s i g n i f i c a n t  l e v e l s  o f  
c i r c u l a t i n g  a n t i b o d y  an d  r e s i s t a n c e  to  c h a l l e n g e  a s  d e t e r ­
m in e d  b y  v i r u s  i s o l a t i o n *
T r a c h e a l  e x p l a n t s  h a v e  b ee n  u s e d  w i t h  some s u c c e s s  f o r  t h e  
s t u d y  o f  l o c a l  im m u n i ty .  By means o f  t h i s  t e c h n i q u e  i t  h a s  
b e e n  shown t h a t  s p e c i f i c  ND-VN a c t i v i t y  i s  p r o d u c e d  i n  v i t r o  
b y  e x p l a n t s  t a k e n  f ro m  c h i c k e n s  a t  v a r i o u s  t i m e s  a f t e r  
e x p o s u r e  to  NDV ( H e u s c h e l e  a n d  E a s t e r d a y ,  1 9 7 0 ) .  - F u r t h e r m o r e ,  
r e s i s t a n c e  t o  i n  v i t r o  NDV c h a l l e n g e  was. f o u n d  to  c o r r e l a t e  
w i t h  t h e  t r a c h e a l ,  b u t  n o t  s e ru m  a n t i b o d y  t i t r e s  o f  t h e  
d o n o r  a n i m a l s  ( F i n k e l s t e i n  e t  a l . , 1 9 7 2 ) .  J o h n s o n  e t  a l .
( 1 9 6 9 )  s t u d i e d  im m u n i ty  t o  IBV an d  f a i l e d  t o  f i n d  e v i d e n c e
i n  v i t r o  r e s i s t a n c e  to  IBV r e p l i c a t i o n  i n  t r a c h e a l  e x p l a n t s  
f ro m  c h i c k e n s  r e c o v e r e d  f ro m  AIB. G-omez an d  R ag g i  ( 1 9 7 4 ) ,  
h o w e v e r ,  d e m o n s t r a t e d  c o n s i d e r a b l e  r e s i s t a n c e  t o , v i r u s  ' .  
m u l t i p l i c a t i o n  i n  e x p l a n t s  d e r i v e d  f ro m  c h i c k e n s  r e p e a t e d l y  
e x p o s e d  to  IBV. S t u d i e s  o f  l o c a l  im m u n i ty  t o  i n f l u e n z a  
v i r u s  h a v e  a l s o  d e m o n s t r a t e d  t h a t  e x p l . a n t s  f ro m  p r e v i o u s l y  
i n f e c t e d  c h i c k e n s  ure r e  r e s i s t a n t  to  c h a l l e n g e  a n d  i t  was 
c o n c l u d e d  t h a t  l o c a l l y  s e c r e t e d  a n t i b o d y . w a s  a t  l e a s t  
p a r t i a l l y  r e s p o n s i b l e  f o r  t h e  o b s e r v e d  im m u n i ty  ( S c h m i d t  a n d  
M aassab ,  197 4 ) .
A l t h o u g h ,  i n  a number  o f  s t u d i e s ,  a n t i - v i r a l  a c t i v i t y  h a s  
b e e n  r e c o g n i s e d  in  v a r i o u s  s e c r e t i o n s ,  t h e r e  h a v e  b e e n  few  
s u c c e s s f u l  a t t e m p t s  a t  c h a r a c t e r i s i n g  i t s  n a t u r e .  H e u s c h e l e
a n d  E a s t e r d a y  ( 1 9 7 0 ) ,  f o r  e x a m p le ,  f a i l e d  to  c h a r a c t e r i s e  
t h e  p l a g u e - n e u t r a l i s i n g  s u b s t a n c e  f o u n d  i n  t r a c h e a l  e x p l a n t  
f l u i d s ,  a l t h o u g h  t h e y  managed to  show t h a t  t r a c h e a l  s e c r e t i o n s  
c o n t a i n e d  g a m m a - g l S b u l i n i  S i m i l a r l y  Gomez a n d  R a g g i ' ( 1 9 7 4 ) *  
w h i l s t  s h o w in g  t h a t  t h e  I B V - n e u t r a l i s i n g  a c t i v i t y  i n  t h e  
f l u i d  o f  e x p T a n t s  f ro m  immune c h i c k e n s  was im m u n o g l o b u l in ,  
d i d  n o t  c h a r a c t e r i s e  " i t  an y  f u r t h e r .  More s u c c e s s f u l  w ere  
Z ak ay -R o n es  e t  a l . ( 1 9 7 2 ) ,  who showed t h a t  t h e  HI a n t i b o d i e s  
p r e s e n t  i n  l u n g  h o m o g e n a te s  d e r i v e d  f ro m  c h i c k e n s  im m u n ise d  
w i t h  i n a c t i v a t e d  NDV b e l o n g e d  to  t h e  IgG c l a s s  o f  immuno­
g l o b u l i n ,  b e c a u s e  t h e y  h a d  a m o l e c u l a r  w e i g h t  i n  t h e  r a n g e
1 6 0 ,0 0 0  — 1 8 0 , 0 0 0 ,  a s e d i m e n t a t i o n  C o e f f i c i e n t  o f  6 . 9S a n d  
w ere  a n t i g e n i c a l l y  i d e n t i c a l  to  se ru m  IgG.. P a r r y  a n d  A i t k e n  
( 1 9 7 3 ) '  r e p o r t e d  t h a t  t h e  ND-VN a n t i b o d y  p r e s e n t  i n  s a l i v a /  
was d i s t r i b u t e d  be  tv/pen b o t h  t h e  IgA a n d  IgG im m u n o g lo b u l in  
c l a s s e s ,  b u t  w i t h  o v e r  SOfo o f  t h e  a c t i v i t y  i n  t h e  IgA f r a c t i o n .
A l t h o u g h  c o n s i d e r a b l e  w ork  h a s  b e e n  c a r r i e d  o u t  i n .  t h e  f i e l d  
o f  l o c a l  im m u n i ty ,  t h e  r o l e  t h a t  i t  p l a y s  i n  r e c o v e r y  f ro m  
a n d  i n  p r o t e c t i o n  a g a i n s t  a v i a n  r e s p i r a t o r y  d i s e a s e  h a s  y e t  
t o  b e  f u l l y  e l u c i d a t e d .  The p r e s e n t  s t u d y  was p e r f o r m e d  w i t h  
t h e  o b j e c t  o f  e x a m in in g  t h e  d e v e lo p m e n t  o f  l o c a l  im m u n i ty  
i n  t h e  r e s p i r a t o r y  t r a c t  an d  a n t i b o d y  a c t i v i t y  i n  v a r i o u s  
r e s p i r a t o r y  t r a c t  s e c r e t i o n s  f o l l o w i n g  e x p o s u r e  o f  c h i c k e n s  
t o  l i v e  o r  i n a c t i v a t e d  NDV o r  IBV g i v e n  e i t h e r  d i r e c t l y  i n t o  
t h e  r e s p i r a t o r y  t r a c t  o r  p a r e n t e r a l l y .
I I .  MATERIALS AND METHODS
GENERAL 
E x p e r i m e n t a l  Animals .
C h ickens  d e r i v e d  from a Rhode I s l a n d  Red s p e c i f i e d  p a th o g e n  
f r e e  (SPF) f l o c k  m a i n t a i n e d  a t  t h e s e  l a b o r a t o r i e s  were  u s e d  
(Cooper  and  Timms, 1 972) .  They were h o u se d  i n  l a r g e  w i r e  
cages  w i t h i n  rooms w i t h  c o n t r o l l e d  v e n t i l a t i o n  ( f i g u r e  2 ). 
Each room was s e p a r a t e d  from a c e n t r a l ,  o p e n - r o o f e d ,  c o u r t ­
y a r d  b y  a v e s t i b u l e  c o n t a i n i n g  a h a n d  o p e r a t e d  shower and  
d i s i n f e c t a n t  f o o t - b a t h .  P e r s o n n e l  donned r u b b e r  b o o t s  and  
w a t e r p r o o f  n e o p re n e  gowns and show ered  i n  t h e  c h a n g in g  room 
and on e n t e r i n g  and l e a v i n g  e ach  v e s t i b u l e .  U n i n f e c t e d  
c o n t r o l  g roups  were  a lways v i s i  t e d  b e f o r e  i n f e c t e d  g ro u p s  
and a n im a l s  u n d e r g o i n g  d i f f e r e n t  v i r u s  i n f e c t i o n s  were  h o u s e d  
i n  s e p a r a t e  rooms and n o t  v i s i t e d  on t h e  same day. B e f o r e  
u s e  t h e  rooms and equ ipm ent  were f u m ig a t e d  w i t h  fo rm a ld e h y d e  
and e q u ipm en t ,  f o o d  and  l i t t e r  r e q u i r e d  d u r i n g  t h e  c o u r s e  o f  
an e x p e r im e n t  were s i m i l a r l y  f u m ig a te d .
Young a d u l t  New Z e a la n d  W hite  r a b b i t s ,  b r e d  a t  Houghton 
P o u l t r y  R e s e a r c h  S t a t i o n  and  h o u s e d . w i t h i n  t h e  e x p e r i m e n t a l  
u n i t ,  were u s e d  f o r  th e  p r o d u c t i o n  o f  a n t i s e r a .
Animals  were k i l l e d  b y  t h e  i n t r a v e n o u s  i n o c u l a t i o n  o f  sod ium  
p e n t o b a r b i t o n e  (2 0 0  mg p e r  m l) .
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F i g u r e  2. D iagram o f  e x p e r i m e n t a l  u n i t
E m b r y o n a t e d  Eggs
F e r t i l e  ch ic k en  eggs from an SPF f l o c k  were u s e d  f o r  th e  
i s o l a t i o n ,  p r o p a g a t i o n  and t i t r a t i o n  o f  v i r u s e s  and f o r  .
VN t e s t s .  F o r  th e  p r e p a r a t i o n  and i n o c u l a t i o n  o f  eggs by  
t h e  a l l a n t o i c  r o u t e ,  t h e  s t a n d a r d  p r o c e d u r e s  recommended 
by  th e  US N a t i o n a l  Academy o f  S c ie n c e ^  Subcom m it tee  on 
A v i a n . D i s e a s e  (Anon, 197*0 were u s e d .
C e l l  C u l t u r e s ,
C hick  k i d n e y  (CK) c e l l  c u l t u r e s  were p r e p a r e d  by a 
m o d i f i c a t i o n  o f  t h e  m ethod  o f  C h u r c h i l l  ( 1 9 6 5 ) .  K idneys  
f rom SPF c h ic k e n s  a g ed  be tw een  2 and 5 weeks w e re  f i n e l y  
m in ced ,  washed w i t h  warm p h o s p h a t e  b u f f e r e d  s a l i n e  (PBS) 
p r e p a r e d  w i t h o u t  Ca and  Mg i o n s  and t h e  c e l l s  d i s a g g r e g a t e d  
w i t h  20 ml o f  an 0, 2% s o l u t i o n  o f  t r y p s i n  i n  PBS, E ach  * 
t r y p s i n i s a t i o n  was f o r  3 - 5  m in u te s  a t  37°C and  a t  t h e  
end o f  e ach  run  t h e  c e l l  s u s p e n s io n  was w i thdraw n f rom  t h e  
f l a s k ,  mixed w i t h  1 ml o f  u n h e a t e d  c a l f  serum and s t o o d  in  
an i c e  b a t h .  The c e l l  s u s p e n s i o n s  were  P o o l e d ,  f i l t e r e d  
t h r o u g h  a f i n e  gauge s t e e l  gauze  f i l t e r ,  c e n t r i f u g e d  a t  
1'70 g f o r  5 m in u te s  and  r e s u s p e n d e d  i n  g ro w th  medium. The 
s u s p e n s i o n  was d i l u t e d  i n  g ro w th  medium so as  to  c o n t a i n  
1 x  iO^ c e l l s  p e r  ml and  was u s e d  to  s e e d  g l a s s  t u b e s  which  
were  th en  p lu g g e d  w i t h  s i l i c o n  bungs add i n c u b a t e d  s t a t i c a l l y  
a t  an a n g le  o f  15° f o r  3 days a t  37°C. When c o n f l u e n t  
m ono layers  h a d  fo rm ed,  t h e  medium was r e p l a c e d  b y  m a i n t e n a n c e  
medium and  t h e  c e l l s  were  r e a d y  f o r  u s e .  The g ro w th  medium 
was E a g le * s  Minimum E s s e n t i a l  Medium (MEM) s u p p l e m e n te d  w i t h  
10% t r y p t o s e  p h o s p h a t e  b r o t h ,  5% u n h e a t e d  c a l f  se rum  and
0 . OIj1|% sodium b i c a r b o n a t e  and  t h e  m a in te n a n c e  medium was 
an e q u a l  m ix t u r e  o f  Hanks* b a l a n c e d  s a l t  s o l u t i o n  and  E a r l e * s  
b a l a n c e d  s a l t  s o l u t i o n  w i t h  th e  a d d i t i o n  o f  0 , 5% l a c t a l b u m i n  
h y d r o l y s a t e  and  0.088% sodium b i c a r b o n a t e .  Both  media  
c o n t a i n e d  s t r e p t o m y c i n  ( 0*1 mg p e r  ml)  and p e n i c i l l i n  .
(1 0 0  u n i t s  p e r  m l) .
NDV P r e p a r a t i o n s .  ‘ ^
T h ree  s t r a i n s  o f  NDV, B1, L a S o ta  and  t  ( s u b s e q u e n t l y  r e f e r r e d  
to  as NDV-B1 , NDV-LaSota and  NDV-F) v/ere o b t a i n e d  as  f r p e z e -  
d r i e d  c u l t u r e s  i n  a l l a n t o i c  f l u i d  f rom Mr. W.H. A l l a n ,
C e n t r a l  V e t e r i n a r y  L a b o r a t o r y ,  W eybridge ,  S u r r e y .  The s t r a i n s  
were  p r o p a g a t e d  i n  t h e  a l l a n t o i c  c a v i t y  o f  em b ry o n a te d  eggs 
and t h e  a l l a n t o i c  f l u i d  was s t o r e d  a t  ^j?0oG. The s t o c k  
c u l t u r e s  h a d  a t i t r e  o f  8 . 0  -  9 . 0  log^Q TCD^q (median  t i s s u e  
c u l t u r e  i n f e c t i v e  d o s e )  p e r  ml.
Two i n a c t i v a t e d  NDV p r e p a r a t i o n s  were  u s e d  i n  t h e s e  s t u d i e s ,  
a c o m m e rc ia l ly  a v a i l a b l e ,  h i g h l y  immunogenic NDV v a c c i n e  
and  a l a b o r a t o r y  p r e p a r a t i o n .  The commercia l  NDV v a c c i n e  was 
p r o d u c e d  by  I s t i t u t o  Z o o p r o f i l a t t i c o  S p e r i m e n t a l e  d e l l a  
Lom bard ia  e d e l l * E m i l i a ,  B r e s c i a ,  I t a l y ,  and  c o n s i s t e d  o f  
i n a c t i v a t e d  NDV ( s t r a i n  n o t  s p e c i f i e d )  in  a m i n e r a l  o i l  
^emuls ion ,  v / h i l s t  t h e  l a b o r a t o r y  p r e p a r a t i o n  was NDV-B1 grown 
in  t h e  a l l a n t o i c  c a v i t y  and  i n a c t i v a t e d  w i t h  0 . 1% ^ , - p r o p r i o -  
l a c t o n e  ( A l l a n  e t  a l . , 1973)* The l a t t e r  was t e s t e d  f o r  
c o m p le te  i n a c t i v a t i o n  by  t h e  i n o c u l a t i o n  o f  e m b ry o n a te d  eggs 
and c e l l  c u l t u r e s  and was u s e d  e i t h e r  w i t h o u t  a d j u v a n t  o r  
e m u l s i f i e d  w i t h  an e q u a l  volume o f  F reund*s  i n c o m p l e t e  
a d j u v a n t .
IBV P r e p a r a t i o n s ,
Two s t r a i n s  o f  IBV were u s e d ,  t h e  M a s s a c h u s e t t s  r e f e r e n c e  
s t r a i n ,  IBV-bl ( s u p p l i e d  by  Dr. C. H. Cunningham, M ich igan  
S t a t e  U n i v e r s i t y ,  E a s t  L a n s in g ,  M ich igan ,  USA) and  a B r i t i s h  
M a s s a c h u s e t t s  t y p e ,  HVI-9 (McDougall ,  1968) .  S t r a i n  IBV-S-1 
was p r o v i d e d  as  a f r e e z e - d r i e d  a l l a n t o i c  f l u i d  p r e p a r a t i o n  
a t  t h e  6 t h  embryo p a s s a g e  and  was g iv e n  a f u r t h e r  3 p a s s a g e s  
i n  t h e  a l l a n t o i c  c a v i t y .  The c l a r i f i e d  a l l a n t o i c  f l u i d  was 
s t o r e d  a t  -60°C and c o n t a i n e d  7 . 0  — 8 . 5  EII)50 ( me^ l an
egg i n f e c t i v e  d o se )  p e r  ml. S t r a i n  HVI-9 was p a s s a g e d  9? t im es  
i n  t h e  a l l a n t o i c  c a v i t y ,  17 t im es  i n  CK c e l l  c u l t u r e s  f o l l o w e d  
b y  1 f i n a l  a l l a n t o i c  p a s s a g e .  The v i r u s  a t  t h i s  f i n a l  p a s s a g e  
l e v e l  r e a d i l y  i n f e c t e d  c h i c k e n s ,  grew w e l l  i n  eggs c a u s i n g  
maximum m o r t a l i t y  a t  3 days w i t h  a low . i n c i d e n c e  o f  embryo 
s t u n t i n g  and  grew w e l l  i n  t i s s u e  c u l t u r e .  The v i r u s  s tocks ,  
were  s t o r e d  a t  -60°C and  c o n t a i n e d  6 . 5  — 8 . 0  log^Q EID^q 
p e r  ml.
An i n a c t i v a t e d  IBV v a c c i n e  was p r e p a r e d  by  i n a c t i v a t i n g  s t r a i n  
HVI-9 grown i n  t h e  a l l a n t o i c ,  c a v i t y  w i t h  0 . 05$  j ^ - p r o p r i o -  
l a c t o n e  (McDougall ,  1 969) .  The p r o d u c t  was t e s t e d  f o r  a b s e n c e
o f  i n f e c t i v i t y  by  th e  i n o c u l a t i o n  o f  ;em bryo n a ted  eggs  and! '
a lum in ium  h y d r o x id e  added  a t  a f i n a l  c o n c e n t r a t i o n  o f  0 .3 2 $  
to  a c t  a s  s t a b i l i s e r  and a d j u v a n t .
A d m i n i s t r a t i o n  o f  V i r u s  t o  C h i c k e n s .
L i v e  v i r u s  p r e p a r a t i o n s  w e re  a d m i n i s t e r e d  e i t h e r  i h t r a n a s a l l y  
o r  i n t r a m u s c u l a r l y  a s  0 .1  ml vo lum es  o f  v i r u s  s t o c k  c u l t u r e  
o r  b y  a e r o s o l .  I n  t h e  l a t t e r  c a s e ,  5 c h i c k e n s  w e re  p l a c e d  i n
*
a l a r g e  i n f l a t e d  p o l y t h e n e  bag  (100 x  60 cm) c o n t a i n i n g  a 
Humbrol a e r o s o l  g e n e r a t o r  (A le x a n d e r  and  A l l a n ,  1 9 7 4 ) .  The 
b a g  was s e a l e d ,  an a e r o s o l  o f  5 se c o n d s  d u r a t i o n  g e n e r a t e d  
and  t h e  c h ic k e n s  1 0 f t  i n  t h e  bag  f o r  a f u r t h e r  2 m in u te s  to  
p e r m i t  maximum i n h a l a t i o n  o f  v i r u s .
The i n a c t i v a t e d  IBV v a c c i n e ,  t h e  commercial  NDV v a c c i n e  and  
t h e  i n a c t i v a t e d  NDV-B1 p r e p a r a t i o n  e m u l s i f i e d  w i t h  a d j p v a n t  
were  a d m i n i s t e r e d  i n t r a m u s c u l a r l y  a s  Q. 5 ml d o ses  i n t o  t h e  
l e g .  I n a c t i v a t e d  NDV-B1 v / i t h o u t  a d j u v a n t  was a d m i n i s t e r e d  
d i r e c t l y  i n t o  t h e  r e s p i r a t o r y  t r a c t  as 5 d a i l y  d o ses  o f  0 , 5  ml,  
0 . 2 5  ml i n t r a n a s a i l y  and  0 .2 5  ml i n t r a t r a c h e a l l y .
P r e p a r a t i o n  and A d m i n i s t r a t i o n  o f  A n t i s e r a .
A n t i s e r a  to  NDV and  IBV were  p r e p a r e d  by  r e p e a t e d l y  i n o c u l a t i n g  
s m a l l  g ro up s  o f  c h ic k e n s  w i t h  v i r u s .  At 3 weeks o f  age  s t o c k  
NDV-B1 was a d m i n i s t e r e d  i n t r a n a s a i l y  and  i n t r a m u s c u l a r l y  and  
t h i s  was f o l l o w e d  a t  i n t e r v a l s  o f  3 weeks by  2 d o ses  o f  NDV- 
L a S o ta  s i m i l a r l y  a d m i n i s t e r e d .  AIB a n t i s e r a  were  p r e p a r e d  by 
i n o c u l a t i n g  c h ic k e n s  w i t h  3 do ses  o f  HVI-9 o r  IBV-41 g iv e n  at.
3 w eek ly  i n t e r v a l s  as  d e t a i l e d  above .  One Week a f t e r  t h e  f i n a l  
dose  o f  v i r u s ,  b l o o d  was removed from  th e  c h ic k e n s  b y  c a r d i a c  
p u n c t u r e .  The NDV a n t i s e r u m  had  an HI t i t r e  o f  1 /4 0 9 6  and  a 
VN t i t r e  o f  1 /51 2 0  and  t h e  IBV a n t i s e r a  a n e u t r a l i s a t i o n  i n d e x  
i n  e x c e s s  o f  6 . 0 .  O n e - d a y - o ld  c h i c k s  were  p a s s i v e l y  im m unised  
w i t h  t h e  NDV a n t i s e r u m  by  t h e  s u b c u ta n e o u s  i n o c u l a t i o n  o f  0. 5 ml 
volumes.  The IBV a n t i s e r a  were  a d m i n i s t e r e d  as  d e t a i l e d  i n  t h e  
r e s u l t s  s e c t i o n *
I n f e c t i v i t y  Assays  in  Embryonated  Eggs.
S e r i a l  1 0 - f o l d  d i l u t i o n s  o f  v i r u s  s u s p e n s io n  were p r e p a r e d  
i n  s t a n d a rd .  PBS and 0 ,1  ml volumes o f  each  d i l u t i o n  v/ere 
u s e d  to  i n o c u l a t e  t h e  a l l a n t o i c  c a v i t y  o f  5 em bry on a ted  eg g s .  
The eggs v/ere i n c u b a t e d  a t  37°C and examined d a i l y  f o r  7 days 
and d e a t h s  r e c o r d e d .  D ea th s  o c c u r r i n g  d u r i n g  t h e  f i r s t  24 h o u r s  
o f  i n c u b a t i o n  v/ere c o n s i d e r e d  n o t  to  have  been  d u e . to  v i r u s  
and  t h e s e  eggs were  d i s c o u n t e d  in  t h e  c a l c u l a t i o n  o f  end­
p o i n t s .  A f t e r  7 days s u r v i v i n g  eggs v/ere op ened  and,  in  t h e  
c a s e  o f  IBV a s s a y s ,  t h e  embryos exam ined  f o r  c h a r a c t e r i s t i c  
d e f o r m i t i e s  ( f i g u r e  3 ) .  F o r  NDV s t u d i e s  s u r v i v i n g  eggs were  
t e s t e d  f o r  t h e  p r e s e n c e  o f  h a e m a g g l u t in i n  by  t h e  m ethod  o f  
A l l a n  e t  a l . ( 1 9 7 3 ) .
I n f e c t i v i t y  Assays  i n  C e l l  C u l t u r e s .
S e r i a l  d i l u t i o n s  o f  v i r u s  s u s p e n s i o n ,  e i t h e r  1 0 - f o l d  o r  
0 . 5  log^Q ,  were p r e p a r e d  i n  c e l l  c u l t u r e  m a in t e n a n c e  medium • 
and 0 .1  ml amounts i n o c u l a t e d  o n to  5 tu b e s  p e r  d i l u t i o n .  The 
c u l t u r e s  were  i n c u b a t e d  s t a t i c a l l y  a t  37°C and  were  exam ined  
d a i l y  f o r  e v id e n c e  o f  c y t o p a t h i c  e f f e c t  (CPE) f o r  up to  7 
days .  The t i t r e  o f  t h e  v i r u s  p r e p a r a t i o n  was c a l c u l a t e d  
a c c o r d i n g  to  t h e  method o f  Reed  and Muench ( 1 9 3 8 ) .
I s o l a t i o n  o f  V i r u s .
V i r u s  v/as i s o l a t e d  from c h ic k e n s  from n a s a l  w a sh in g s  o r  
sv/abs o f  t h e  i n t e r n a l  n a r e s  and u p p e r  t r a c h e a .  The a b s o r b e n t  
c o t t o n  v/ool swabs were p u t  i n t o  2 ml o f  i c e - c o l d  n u t r i e n t  
b r o t h  c o n t a i n i n g  s t r e p t o m y c i n  (1 mg p e r  ml)  and  p e n i c i l l i n
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F i g u r e  3* Normal  15-day-o lcL  embryos a n d  I B V - i n f e c t e d
embryos e x h i b i t i n g  t y p i c a l  c o n g e n i t a l  d e f o r m i t i e s .
( i , 0 0 0  u n i t s  p e r  m l) .  The sam ples  were s t o r e d  a t  -60°C and  
v/ere a s s a y e d  f o r  v i r u s  i n f e c t i v i t y  as soon as, p o s s i b l e  
t h e r e a f t e r .
Swab b r o t h  o r  n a s a l  w ash ings  ( 0 .1  ml v o lu m e s ) were  i n o c u l a t e d  
o n to  5 CK c e l l  c u l t u r e s  f o r  t h e  i s o l a t i o n  o f  NDV oi? i n t o  t h e  
a l l a n t o i c  c a v i t y  o f  5 em bryona ted  eggs f o r  t h e  i s o l a t i o n  o f  
IBV. The eggs were c a n d l e d  d a i l y ,  d e a th s  r e c o r d e d  and a f t e r  
7 days i n c u b a t i o n  a l l a n t o i c  f l u i d  f rom e ac h  s u r v i v i n g  egg was 
p a s s a g e d  t h r o u g h  f u r t h e r  em bry on a ted  eggs .  D e a th  o f  t h e  embryo 
( a f t e r  2h  h o u r s )  and t h e  p r e s e n c e  o f  c h a r a c t e r i s t i c  d e f o r m i t i e s  
i n  s u r v i v i n g  embryos were t aken  as  e v id e n c e  f o r  t h e  p r e s e n c e  
o f  IBV. In  a number o f  c a s e s  v i r u s  i d e n t i t y  was ■ c o n f i r m e d  by  
t h e  VN t e s t .  Development  o f  t h e  c h a r a c t e r i s t i c  CPE in  CK 
c e l l  c u l t u r e s  was taken  as  e v id e n c e  t h a t  a sam ple  c o n t a i n e d  
NDV. I n  c e r t a i n  i n s t a n c e s ,  t h e  i n f e c t i v i t y  t i t r e  o f  v i r u s  i n  
n a s a l  s e c r e t i o n s  was d e te r m in e d .
C o l l e c t i o n  o f  Serum and R e s p i r a t o r y  T r a c t  S e c r e t i o n s .
Serum was o b t a i n e d  from b l o o d  ta k e n  from t h e  h e a r t  o r  f rom 
a wing v e in  w i t h  a s y r i n g e .  B lood .w as  i n c u b a t e d  a t  37°C f o r  
1 h o u r  and  l e f t  o v e r n i g h t  a t  room t e m p e r a t u r e  b e f o r e  t h e  
s e p a r a t i o n  o f  serum. A l l  s e r a  were  i n a c t i v a t e d  a t  5 6 °C f o r  
30  m in u te s  b e f o r e  b e i n g  s t o r e d  a t  -25°C .
N a s a l  s e c r e t i o n s  were  c o l l e c t e d  by  f l u s h i n g  PBS th r o u g h  e ac h  
s i d e  o f  t h e  n a s a l  c a v i t y .  The ch ic k en  was h e l d  u p s i d e  down 
w i t h  i t s  b e a k  open and a p i e c e  o f  n a r ro w  gauge  p l a s t i c  t u b i n g  
(5  cm l o n g  x 2 mm d i a m e t e r )  a t t a c h e d  to  a s y r i n g e  c o n t a i n i n g
2 -  k  ml PBS was i n s e r t e d  i n t o  th e  i n t e r n a l  n a r e s .  The PBS 
was f l u s h e d  t h r o u g h  th e  n a s a l  c a v i t y  e n s u r i n g  t h a t  both- s i d e s
v/ere a d e q u a t e l y  r i n s e d  and  th e  f l u i d  c o l l e c t e d  as  i t  d ro p p ed
u\
f rom t h e  n o s t r i l s  ^ ( f i g u r e  i+). The w ash ings  were  f lu sh e d ,  
t h r o u g h  t h e  n a s a l  c a v i t y  a s e c o n d  t im e  and t h e  f l u i d  was 
c o l l e c t e d  i n  a b i j o u  b o t t l e  v/hich w a s ’p l a c e d  i n  i c e .  Each 
n a s a l  w ash ing  was examined m i c r o s c o p i c a l l y  an d  t h o s e  c o n t a i n i n g  
r e d  b l o o d  c e l l s  d i s c a r d e d .  F o r  t h e  i s o l a t i o n  o f  v i r u s ,  
p e n i c i l l i n  ( 1 , 0 0 0  u n i t s  p e r  ml)  and  s t r e p t o m y c i n  (1 mg p e r  ml)  
was a d ded  to  t h e  PBS and  t h e  w ash ings  v/ere s t o r e d  a t  -60°C .
F o r  t h e  c o l l e c t i o n  o f  t r a c h e a l  s e c r e t i o n s ,  t h e  t r a c h e a  was 
removed i m m e d ia te ly  a f t e r  d e a t h  and e i t h e r  v/ashed . i n t e r n a l l y  
b y  f l u s h i n g  th r o u g h  i t  1 . 5  ml PBS 5 t im es  ( t r a c h e a l  w a s h in g s )  
o r  c u t  l o n g i t u d i n a l l y  and  th en  t r a n s v e r s e l y  to  g i v e  k  p i e c e s ,  
e ach  o f  v/hich was g e n t l y  s c r a p e d  on i t s  i n t e r n a l  s u r f a c e  v / i th  
a s c a l p e l  b l a d e  (Swann-Morton No. 10) ( t r a c h e a l  s c r a p i n g s ) .
The s c r a p i n g s  were  c o l l e c t e d  u s i n g  a t o t a l  o f  2 ml PBS. At  a l l  
s t a g e s  g r e a t  c a r e  was t ak e n  to  a v o id  c o n ta m i n a t i o n  w i t h  b l o o d .
Lung s e c r e t i o n s  were c o l l e c t e d  by  i n s e r t i n g  a g l a s s  ca-fcheter 
i n s i d e  th e  s h o r t  p i e c e  o f  t r a c h e a  t h a t  was l e f t - i n  s i t u  and  
c o l l a p s i n g  t h e  l u n g s  by  means o f  an e v a c u a t e d  vacuum f l a s k  
a t t a c h e d  to  t h e  c a t h e t e r  by  a l e n g t h  o f  r u b b e r  t u b i n g .  The 
t u b i n g  was then  c lamped and  20 ml PBS was i n j e c t e d  w i t h  a 
s y r i n g e  i n t o  t h e  l u n g s  t h r o u g h  t h e  t r a c h e a l  w a l l .  Most o f  t h e  
PBS c o u ld  b e  r e c o v e r e d  w i t h  t h e  s y r i n g e  by  l i f t i n g  t h e  an im a l  
i n  s u c h  a way t h a t  t h e  l i q u i d  d r a i n e d  towards  t h e  t r a c h e a .
A l l  s e c r e t i o n s ,  e x c e p t  f o r  t h o s e  n a s a l  w a sh ing s  to  be
F i g u r e  4 .  N a s a l  w a s h in g  t e c h n i q u e  f o r  t h e  c o l l e c t i o n  
o f  n a s a l  s e c r e t i o n s .
.exam ined  f o r  v i r u s ,  were  hom ogen ised  i n  G r i f f i t h ’ s t u b e s ,  
h e l d  a t  56°C f o r  30  m in u te s  and c e n t r i f u g e d  a t  2 ,0 0 0  g f o r  
15 m in u te s  b e f o r e  b e i n g  s t o r e d  a t  -25°C.
H i s t o l o g i c a l  T e c h n iq u e s .
R e s p i r a t o r y  t r a c t  t i s s u e s  f o r  h i s t o l o g i c a l  e x a m in a t io n  were  
f i x e d  i n  fo rm a l  s a l i n e .  Two p i e c e s  o f  t r a c h e a  W ere  c o l l e c t e d ,  
one f rom  th e  r e g i o n  j u s t  be low  t h e  l a r y n x  and t h e  o t h e r  f rom 
th e  r e g i o n  3 / k  o f  th e  way down i t s  l e n g t h .  The m id d le  n a s a l  
t u r b i n a t e s  and p r i m a r y  b r o n c h i  v/ere a l s o  c o l l e c t e d .  T i s s u e s  
v/ere embedded i n  p a r a f f i n  v/ax, 5/^ s e c t i o n s  c u t  and  s t a i n e d  . 
v / i th  h a e m a to x y l in  and  e o s i n .
D e t e r m i n a t i o n  o f  P r o t e i n  C o n c e n t r a t i o n  in  R e s p i r a t o r y  S e c r e t i o n s .
P r o t e i n  c o n c e n t r a t i o n  was e s t i m a t e d  by  t h e  m ethod o f  Lowry 
e t  a l .  (1951)  u s i n g  F o l i n  and C i o c a l t e u ’s p h e n o l  r e a g e p t ;  
A b so rb an ce  was r e a d  i n  a Beckman Model DB s p e c t r o p h o t o m e t e r  
(Beckman I n s t r u m e n t s  L td .  , G l e n r o t h e s ,  F i f e ,  S c o t l a n d )  a t  a 
w a v e l e n g th  o f  750  nm and a l l .  sam ples  were t e s t e d  i n  d u p l i c a t e .  
C r y s t a l l i s e d  b o v i n e  serum a lbum in  a t  d i l u t i o n s  f rom  100 yxg- to  
40 0  y*g v/as u s e d  as  t h e  s t a n d a r d  r e f e r e n c e  p r o t e i n .
"Measurement o f  Body T em p era tu re .
■ ' c\ ' ; •
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By p a s s i n g  a c l i n i c a l  the rm o m ete r  th r o u g h  t h e  c l o a c a  i n t o  
t h e  c o l o - r e c t u m ,  t h e  i n t e r n a l  body  t e m p e r a t u r e  was d e te r m in e d .
SEROLOGICAL TECHNIQUES
HI T e s t .
T h is  was p e r f o r m e d  by  t h e  method o f  A l l a n  e t  a l . (*1973) 
i n  WHO.perspex t r a y s  u s i n g  f o r m a l i n  i n a c t i v a t e d  NDV-F as 
a n t i g e n .
ND-VN T e s t .  < ' . ■ ' \
NDV a n t i s e r a  and s e c r e t i o n s  were  examined u s i n g  a m o d i f i c a t i o n  
o f  t h e  e g g - b i t  t e c h n i q u e  d e s c r i b e d  by  Fazekas  de S t .  G r o th  
e t  a l . (1958)  and  B e a rd  ( 1 9 6 9 ) .  I t .  i n v o l v e s  t h e  u s e  o f  . s m a l l  
p i e c e s  o f  egg s h e l l  w i t h  th e  c h o r i o a l l a n t o i c  membrane (CAM) 
a t t a c h e d  ( e g g - b i t s )  m a i n t a i n e d  in  a r e l a t i v e l y  s i m p le  n u t p i e n t  
medium. I n f e c t i o n  o f  t h e  e g g - b i t s  r e s u l t s  in- t h e  m u l t i p l i c a t i o n  
and  r e l e a s e  o f  v i r u s  p a r t i c l e s  i n t o  thfe medium and  t h e s e  
can be  d e t e c t e d  by  t h e i r  a b i l i t y  to  a g g l u t i n a t e  r e d  b l o o d  
c e l l s .
T h e . s h e l l  cap o v e r  t h e  p o i n t e d  end o f  an l i - d a y - o l d  em b ryo n a ted  
egg was c u t  away and  t h e  c o n t e n t s  d i s c a r d e d  l e a v i n g  th e  CAM 
l i n i n g  th e  s h e l l .  . .^he CAM was r i n s e d  w i t h  PBS (37°C)  and 
e g g - b i t s  v/ere p r e p a r e d  by making p a r a l l e l  c u t s  a b o u t  6 -  8 mm 
a p a r t  f rom t h e  open end o f  t h e  egg towards  t h e  a i r  s a c  and  
t h e s e  s t r i p s  were  c u t  i n t o  6 — 8 mm s q u a r e s  v/hich were  s t o r e d  
i n  medium u n t i l  r e q u i r e d .  The e g g - b i t  medium d e s c r i b e d  by  
B e a r d  ( 1 9 6 9 ) was u s e d , e x c e p t  t h a t  l a c t a l b u m i n  h y d r o l y s a t e  
( 0 . 2 fo w /v)  v/as s u b s t i t u t e d  f o r  t h e  g e l a t i n .
For* p r e l i m i n a r y  v i r u s  t i t r a t i o n  e g g - b i t s ,  s h e l l  s i d e 'd o w n ,  
w e r e  p u t  i n t o  0 . 5  ml medium in  t h e  w e l l s  o f  a WHO p e r s p e x  
t r a y  and  s e r i a l  d i l u t i o n s  o f  NDV-B1 (0 .1  ml v o lu m e s ) were 
i n o c u l a t e d  on to  5 w e l l s  p e r  d i l u t i o n .  Each t r a y  w a s  f i t t e d  
'w i t h  a p e r s p e x  c o v e r  and  i n c u b a t e d  a t  37°C on a r o t a r y  s h a k e r  
o s c i l l a t i n g  a t  a p p r o x i m a t e l y  80 r e v o l u t i o n s  p e r  m in u te  in  a 
m o i s t  a tm o sp h e re .  A f t e r  U8 h o u r s  t h e  e g g - b i t s  w ere  removed 
and 0 . 2  ml o f  a 0 .7 5 ^  s u s p e n s io n  o f  ch icken  r e d  b l o o d  c e l l s  
was added  to  e a c h  w e l l .  The t r a y s  v/ere p l a c e d  a t  room 
t e m p e r a t u r e  f o r  i|0 m i n u t e s ,  t h en  examined f o r  h a e m a g g l u t i n a t i o n .
F o r  t h e  VN t e s t  a 1 /1 0  d i l u t i o n  o f  e ac h  serum o r  s e c r e t i o n  
was p r e p a r e d  i n  0 . 9  ml o f  medium, f o l l o w e d  by*a  s e r i e s  o f  
2 - f o l d  d i l u t i o n s  i n  0 . 5  ml medium and 0.1  ml o f  NDV-B1 
c o n t a i n i n g  1 ,0 0 0  e g g - b i t  ID^q (median i n f e c t i v e  d o se )  was 
added  to  each  w e l l .  The t r a y s  were g e n t l y  a g i t a t e d  and l e f t  
to  s t a n d  a t  room t e m p e r a t u r e .  A f t e r  i+5; m in u te s  e g g - b i t s  w e re  
c a r e f u l l y  d ro p p ed  i n t o  each  w e l l  in  su c h  a way as  to  a v g i d  
any c o n t a c t  be tw een  t h e  f o r c e p s  and t h e  w e l l  c o n t e n t s  and' 
t h e  p l a t e s  s t a c k e d  and i n c u b a t e d .  A s t a n d a r d  p o s i t i v e  serum 
v/as a lways i n c l u d e d  i n  t h e  t e s t  and  a l l  s e r a  and  s e c r e t i o n s  
were  t e s t e d  i n  d u p l i c a t e .  VN a n t i b o d y  t i t r e s  were  r e c o r d e d  
as th e  r e c i p r o c a l  o f  t h e  h i g h e s t  d i l u t i o n  o f  se rum  o r  
s e c r e t i o n  t h a t  p r e v e n t e d  h a e m a g g l u t i n a t i o n .
AIB-VN T e s t .
The method u s e d  f o r  t h e  a s s a y  o f  s e r a  and n a s a l  s e c r e t i o n s  
f o r  IBV a n t i b o d y  a c t i v i t y  was b a s e d  on th e  v a r i a b l e  v i r u s -  
c o n s t a n t  serum method d e s c r i b e d  by  Cunningham (195*0 aud 
Anon. (1 9 7 1 ) .  A l l  , s e ra  were  d i l u t e d  1 /5  w i t h  PBS. . T e n - f o l d
s e r i a l  d i l u t i o n s  o f  v i r u s  ( s t r a i n  HVI-9) were p r e p a r e d  and 
e ac h  d i l u t i o n  r e a c t e d  w i t h  an e q u a l  amount o f  e ac h  servjm o r  
s e c r e t i o n  u n d e r  i n v e s t i g a t i o n ,  A c o n t r o l  in  v/hich ]?BS was 
mixed w i th ,  t h e  v i r u s  was a l s o  i n c l u d e d .  A f t e r  .1 h o u r  a t  U°C, 
t h e  m i x t u r e s  v/ere i n o c u l a t e d .i n t o  t h e  a l l a n t o i c  c a v i t y  o f
em b ry o na ted  eg g s ,  5 p e r  d i l u t i o n ,  and  i n c u b a t e d  a t  37°C f o r
up to  7 days .  The 50% i n f e c t i v i t y  e n d - p o i n t  was c a l c u l a t e d
f o r  e ach  serum o r  s e c r e t i o n  a c c o r d i n g  to  t h e  method o f  Reed
and Muench (1 9 3 8 ) .  The l o g a r i t h m  o f  t h e  n e u t r a l i s a t i o n  i n d e x  
( N l ) ,  which  i s  t h e  d i f f e r e n c e  be tw een  th e  t i t r e  o f  t h e  v i r u s -  
c o n t r o l  and t h e  t i t r e  o f  t h e  v i r u s - s p e c i m e n  m i x t u r e ,  was then  
d e te r m in e d .
TECHNIQUES FOR IN VITRO STUDIES 
T r a c h e a l  E x p l a n t s .
Each  t r a c h e a  v/as e i t h e r  s l i c e d  t r a n s v e r s e l y  i n t o  r i n g s  
( C h e r r y  and  T a y lo r - H o b in s o n ,  1970) o r  c u t  l o n g i t u d i n a l l y  
i n t o  q u a r t e r s  and e ac h  s t r i p  f u r t h e r  c u t  i n t o  15 mm s e g m e n ts .  
S e p a r a t e  r i n g  e x p l a n t s  v/ere p l a c e d  i n  g l a s s  t u b e s  (16  x 125 mm) 
c o n t a i n i n g  1 ml o f  E a g l e ’ s MEM w i t h  20 mM HEPES (ip- (2  Hydroxy 
e t h y l ) —1 -  p i p e r a z i n e  e th a n e  s u l p h o n i c  a c i d s )  b u f f e r ,  0 .1  mg 
s t r e p t o m y c i n  and 100 u n i t s  p e n i c i l l i n  ( e x p l a n t  m a i n t e n a n c e  
medium) p e r  ml. The tu b e s  v/ere s e a l e d  w i t h  s i l i c o n  bungs  and 
i n c u b a t e d  a t  37°C on a r o l l e r  drum (8  r e v o l u t i o n s  p e r  h o u r ) .  
T r a c h e a l  segm ents  v/ere p l a c e d  in  50 mm d i a m e t e r  P e t r i  d i s h e s  
c o n t a i n i n g  7 ml o f  t h e  e x p l a n t  m a in te n a n c e  medium an d  i n c u b a t e d  
a t  37°C i n  a h u m i d i f i e d  a tm o sp he re  c o n t a i n i n g  %  C O P r i o r  
to  u s e  a l l  t r a c h e a l  e x p l a n t s  v/ere washed 3 t im es  v / i th  PBS a t
I n f e c t i v i t y  A ssays  in  T r a c h e a l  E x p l an t s .
V i r u s  was t i t r a t e d  i n  s e t s  o f  r i n g  e x p l a n t s ,  e a c h  s e t  
d e r i v e d  f ro m  1 c h i c k e n .  S e r i a l  0 . 5  l o g l 0  d i l u t i o n s  o f  v i r u s  
s t o c k  s u s p e n s i o n  w ere  p r e p a r e d  i n  e x p l a n t  m a i n t e n a n c e  medium 
a n d  0 . 1  ml vo lum es  o f  e a c h  d i l u t i o n  i n o c u l a t e d  o n to  5 d r a i n e d  
e x p l a n t s  o f  e a c h  s e t .  A f t e r  a l l o w i n g  t h e  v i r u s  to  a d s o r b  f o r .
1 h o u r  a t  37°C, t h e  e x p l a n t s  w e re  o v e r l a i d  w i t h  1 ml 
m a i n t e n a n c e  medium a n d  v/ere  r o l l e d  a t  37°C. The e x p l a n t s  
w e re  e x a m in e d  d a i l y  f o r  c i l i o s t a s i s  f o r  up  to  7 days  a n d  
v i r u s  e n d - p o i n t s  c a l c u l a t e d  f o r  e a c h  s e t  b y  t h e  m e t h o d  o f  
H eed  a n d  Muench ( 1 9 3 8 )  a n d  e x p r e s s e d  a s  t h e  m ed ian  c i l i o s t a t i c  
d o s e  (CD5 0 ) P e r  nil.
V i r u s  (Prowth S t u d i e s  i n  T r a c h e a l  E x p l a n t s .
P e t r i  d i s h e s ,  e ach  c o n t a i n i n g  A t r a c h e a l  segm ents  d e r i v e d
f ro m  an i n d i v i d u a l  c h i c k e n , - w e r e  i n o c u l a t e d  w i t h  5 nil o f
* ■' 
v i r u s  s u s p e n s i o n ,  e i t h e r  NDV-LaSota a t  5 . 0  log^Q TCD^q p e r  ml
o r  IBV—1+1 a t  5 . 0  log-jo  EID^q p e r  ml. A f t e r  g e n t l e  a g i t a t i o n
e a c h ,  d i s h  was i n c u b a t e d  f o r  1 h o u r  a t  3 7 ° 0  i n  a h u m i d i f i e d
a t m o s p h e r e  c o n t a i n i n g  5^ 0 0 2 . A f t e r  a d s o r p t i o n ,  t h e  i n o c u l u m
was d r a i n e d  o f f  and  t h e  c u l t u r e s  v/ere washed 3 t im es  w i t h  7 nil
PBS a t  37°C. F i n a l l y ,  7 nil e x p l a n t  m a in t e n a n c e  medium was
ad ded  and t h e  c u l t u r e s  i n c u b a t e d .  Samples (2  ml)  v/ere t a k e n
a t  i n t e r v a l s  a n d  e a c h  t im e  t h e  c u l t u r e s  w e r e  r e p l e n i s h e d
w i t h  2 ml f r e s h  medium. Samples were s t o r e d  a t ' - 6 0 ° C .  u n t i l
a s s a y e d  f o r  v i r u s  i n f e c t i v i t y .  In  t h e  IBV s t u d i e s  e x p l a n t
*
h a r v e s t s  v/ere a s s a y e d  b y  th e  i n o c u l a t i o n  o f  s e r i a l  10 - f o l d
d i l u t i o n s  i n t o  em bryona ted  eg g s ,  w h i l s t  i n  th e  NDV s t u d i e s
s e r i a l  0 .5  l o g ^  d i l u t i o n s  v/ere i n o c u l a t e d  o n to  CK c e l l  10 ,
c u l t u r e s .
IMMUNOCHEMICAL TECHNIQUES,
Gel F i l t r a t i o n .
Im m unoglobul in  p r e p a r a t i o n s  v/ere f r a c t i o n a t e d  by p a s s a g e  
t h r o u g h  a column o f  Sephadex  G200 (P h a rm a c ia ,  U p p s a l a ,  
Sweden). Samples o f  0 . 5  -  3 .0  ml were a p p l i e d  to  t h e  t o p ; 
o f  a 25 x  350 mm column o f  Sephadex  G200 and  e l u t e d  w i t h
0 . 85$  sodium c h l o r i d e  i n  0 . 002$  c h i o r h e x i d i n e  f l o w i n g  a t  a 
r a t e  o f  10 ml p e r  h o u r .  P r o t e i n  c o n t e n t  v/as m ea su re d  by 
u l t r a v i o l e t  a b s o r p t i o n  a t  280 nm u s i n g  an LKB 83OOA U v i c o r d  
I I  (LKB P r o d u c t e r  AB, Box 76,  Stockholm-Bromma 1,  Sweden) 
l i n k e d  to  a Beckman 10u P o t e n t i o m e t r i c  R e c o r d e r  and- f r a c t i o n s  
v/ere c o l l e c t e d  u s i n g  an LKB 7000 U l t r o R a c  f r a c t i o n  c o l l e c t o r .
U l t r a f i l t r a t i o n .
Samples were  c o n c e n t r a t e d  by  u l t r a f i l t r a t i o n  u s i n g  a method  
b a s e d  on t h a t  d e s c r i b e d  b y  B e r g g a r d  ( 1 9 6 1 ) .  V i s k i n g  t u b i n g  
( 8/ 3 2 u ) v/as m o i s t e n e d  in  d i s t i l l e d  w a t e r ,  one end k n o t t e d  
and t h e  o t h e r  end s l i p p e d  on to  a p i e c e  o f  g l a s s  t u b i n g .  I t  
was t h e n  t h r e a d e d  t h r o u g h  a 1 - h o l e  r u b b e r  bung ,  k n o t t e d  end 
f i r s t ,  u n t i l  t h e  g l a s s  t u b i n g  e n t e r e d  th e  bung and  fo rm ed  an 
a i r t i g h t  s e a l  w i t h  t h e  v i s  k i n g  t u b i n g  sand w ich ed  betv /een  t h e
g l a s s  tu b e  and th e  r u b b e r  bung. The bung was then  i n s e r t e d
i n t o  a vacuum f l a s k ,  t h e  v i s k i n g  t u b i n g  f i l l e d  w i t h  t h e
s o l u t i o n  to  be  c o n c e n t r a t e d  and th e  f l a s k  e v a c u a t e d  (maximum
p r e s s u r a  150  mm/Hg. ).  M o lecu les  o f  a h i g h  m o l e c u l a r  w e ig h t
v
were r e t a i n e d  w i t h i n  t h e  v i s k i n g  t u b in g .  F u r t h e r  s o l u t i o n  
f o r  c o n c e n t r a t i o n  v/as added  as r e q u i r e d .
G el  D i f f u s i o n .
The O u c h t e r l o n y  d o ub le  d i f f u s i o n  in  g e l  t e c h n iq u e ,  was 
p e r f o r m e d  by  a micrometho'd d e s c r i b e d  b y - W i l l i a m s  and Chase 
(1971)  u s i n g  5 cm s q u a r e  g l a s s  c o v e r  s l i p s  c o a t e d  w i t h  ij- ml 
g e l  c o n s i s t i n g  o f  1$ D i fc o  p u r i f i e d  a g a r  and O.ff^o sodium 
a z i d e  i n  p h y s i o l o g i c a l  s a l i n e .  W e l l s ,  3 mm i n  d i a m e t e r  and  
k  mm a p a r t ,  v/ere c u t  to  a s t a n d a r d  p a t t e r n .  When t h e  p r e p i p i t i n  
l i n e s  h a d  f u l l y  d e v e lo p e d  t h e  g e l  p l a t e s  were washed o v e r ­
n i g h t  i n  p h y s i o l o g i c a l  s a l i n e ,  c o v e r e 4  w i t h  a m o i s t e n e d  f i l t e r  
p a p e r  and  l e f t  to  d r y  a t  room t e m p e r a t u r e .  - The f i l t e r  p a p e r  
v/as removed u n d e r  r u n n i n g  w a t e r  and  e ach  p l a t e  s t a i n e d  w i t h  
1% n a p h t h a l e n e  b l a c k  made up i n  10$ a c e t i c  a c i d  and  
m e th an o l  and  e x c e s s  s t a i n  removed w i t h  a s o l u t i o n  o f  10^ 
a c e t i c  a c i d  and 30^  m e thano l .
Im munoglobul in  P r e p a r a t i o n s .
Normal s e r a  f rom s e v e r a l  10 - w e e k - o l d  c h ic k e n s  v/ere p o o l e d ,  
c e n t r i f u g e d  a t  2 ,0 0 0  g f o r  15 m in u te s  and th e  s u p e r n a t a n t  
s t o r e d  a t  - 25 °C.
Serum  g l o b u l i n s  v/ere o b t a i n e d  f ro m  s e r u m , b y  p r e c i p i t a t i o n  
w i t h  s o d iu m  s u l p h a t e .  P o o l e d  s e ru m  v/as - c e n t r i f u g e d  a t  2 , 5 0 0  g
f o r  30 m in u te s  and t h e  g l o b u l i n  f r a c t i o n  p r e c i p i t a t e d  by  
s l o w l y  ad d in g  f i n e l y  g ro u n d  sodium s u l p h a t e  to  a, f i n a l  
c o n c e n t r a t i o n  o f  18% (w /v ) .  A f t e r  l e a v i n g  a t  room t e m p e r a t u r e  
f o r  30  m i n u t e s ,  t h e  p r e c i p i t a t e  was r e c o v e r e d  by  c e n t r i f u g a t i o n  
and v/as d i s s o l v e d  to  1 /2  o f  t h e  o r i g i n a l -  serum volume in  
b o r a t e  b u f f e r e d  s a l i n e ,  pH 8.2* Two s u b s e q u e n t  p r e c i p i t a t i o n s  
were  made, e ach  w i t h  sodium s u l p h a t e  a t  a f i n a l  c o n c e n t r a t i o n  
o f  1U%. A f t e r  t h e  f i n a l  p r e c i p i t a t i o n ,  th e  g l o b u l i n s  were 
d i a l y s e d  a g a i n s t  t h e  b o r a t e  b u f f e r  f o r  lj.8 h o u r s  at.  i].0C and 
then  c l a r i f i e d  by  c e n t r i f u g a t i o n  a t  2 ,00 0  g f o r  13 m in u t e s .
Im m unoglobu l ins  IgG- and IgM were o b t a i n e d  f rom  t h e ,  serum 
g l o b u l i n  p r e p a r a t i o n  by  g e l  f i l t r a t i o n .  Two m a jo r  p e a k s '  v/ere 
o b t a i n e d ,  t h e  f i r s t  im m e d ia te ly  f o l l o w i n g  t h e  v o i d  volume 
and  c o n t a i n i n g  most  o f  th e  IgM and a l a t e r  p e ak  c o n t a i n i n g  
most  o f  th e  IgG ( f i g u r e  3 ) .  The f r a c t i o n s  c o r r e s p o n d i n g  to  
e ac h  p e ak  v/ere p o o l e d  and c o n c e n t r a t e d  by  u l t r a f i l t r a t i p n  
to  y i e l d  c ru d e  p r e p a r a t i o n s  o f  IgG and  IgM. Each p r e p a r a t i o n  
was a g a in  p a s s e d  t h r o u g h  th e  Sephadex  column, t h e  r e s u l t i n g  
f r a c t i o n s  check ed  f o r  IgG/lgM by  g e l  d i f f u s i o n  and  t h e  
a p p r o p r i a t e  f r a c t i o n s  p o o le d - o n  th e  b a s i s  o f  t h e  g e l  d i f f u s i o n  
r e s u l t s .  The IgG and IgM p r e p a r a t i o n s  v/ere c o n c e n t r a t e d  by  
u l t r a f i l t r a t i o n  and  s t o r e d  a t  - 2 5 ° 0 .
B i l e  im m unoglobu l ins  were o b t a i n e d  f rom a p o o l  o f  b i l e  f rom  
s e v e r a l  c h ic k e n s .  The b i l e  v/as d i a l y s e d  f o r  7 days a t  lj-0C 
a g a i n s t  2% s a l i n e  b u f f e r e d  a t  pH 8 . 0  w i t h  0 . 0 2  M t r i s - H C l  
(L ebacq-V erheyden  e t  a l . ' ,  1 9 7 2a ) .  The im m u n og lo bu l in s  v/ere
p r e c i p i t a t e d  v / i th  b %  s a t u r a t e d  ammonium s u l p h a t e  a t  4°C.
\  . '
A f t e r  s t a n d i n g  o v e r n i g h t ,  t h e  p r e c i p i t a t e  was removed by  
c e n t r i f u g a t i o n  a t  2 ,0 00  g f o r  13 m in u t e s ,  w ashed  t w i c e  i n  50%
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F i g u r e  5* E l u t i o n  p r o f i l e s  o f  p a r t i a l l y . p u r i f i e d  s e ru m  
( 2  m l )  a n d  h i l e  ( 3  n i l )  a f t e r  g e l  f i l t r a t i o n  
th rough .  S e p h a d e x  G200.
s a t u r a t e d  ammonium s u l p h a t e ,  r e d i s s o l v e d  in  0 . 8 5 $  s a l i n e
-G\
a n d  d i a l y s e d  f o r  i+cS h o u r s  a t  4°C a g a i n s t  0 . 8 5 $  s a l i n e .  The 
p r e p a r a t i o n  v/as t h e n  f r a c t i o n a t e d  h y  g e l  f i l t r a t i o n .  A s i n g l e  , 
l a r g e  p e a k  c o n t a i n i n g  m a i n l y  IgA was o b t a i n e d  s h o r t l y  a f t e r  
t h e  v o i d  volume ( f i g u r e  5)  a n d  t h e  f r a c t i o n s  c o r r e s p o n d i n g  
• t o  t h i s  p e a k  w e re  p o o l e d  and  c o n c e n t r a t e d  b y  u l t r a f i l t r a t i o n .
P o o l s  o f  na 'saT,  t r a c h e a l  -and l u n g  s e c r e t i o n s  a n d  t h e  s u p e r ­
n a t a n t  f l u i d  f ro m  a b a t c h  o f  50  t r a c h e a l  e x p l a n t  r i n g s  w e re  
c e n t r i f u g e d  a t  2 , 0 0 0  g f o r  15 m i n u t e s  and  t h e  s u p e r n a t a n t  
c o n c e n t r a t e d  a p p r o x i m a t e l y  2 0 - f o l d  b y  u l t r a f i l t r a t i o n .
I m m u n o g lo b u l in s  v/ere o b t a i n e d  f ro m  e g g - v / h i t e  w h ic h  v/as 
c o l l e c t e d  f ro m  f r e s h  e g g s .  The f l u i d  v/as a d j u s t e d  t o  pH
5 . 0  -  5 . 5  "by t h e  a d d i t i o n  o f  an e q u a l  volume o f  0 ,1  N 
s u l p h u r i c  a c i d ,  t h e  r e s u l t i n g  p r e c i p i t a t e  d i s c a r d e d  a n d  t h e  
pH a d j u s t e d  t o  7 . 0  (R o se  e t  a l . , 1 9 7 4 ) .  I m m u n o g l o b u l i n s  w e re  
p r e c i p i t a t e d  b y  40$  s a t u r a t e d  ammonium, s u l p h a t e ,  t h e  p r e c i p i t a t e  
r e d i s s o l v e d  i n  0 . 8 5 $  s a l i n e  a n d  d i a l y s e d  f o r  48 h o u r s  a t  4 ° 0  
a g a i n s t  0 .8 5 $  s a l i n e .  The e g g - v / h i t e  im m u n o g lo b u l in  p r e p a r a t i o n  
was c o n c e n t r a t e d  a p p r o x i m a t e l y  1 0 - f o l d  b y  u l t r a f i l t r a t i o n .
R a b b i t  A n t i s e r a .
-Young a d u l t  r a b b i t s  v/ere g iv e n  3 i n t r a m u s c u l a r  i n j e c t i o n s  
a t  4 -w e e k ly  i n t e r v a l s  o f  e i t h e r  0 . 7 5  ml p u r i f i e d  c h ic k e n  
im m unoglobu l ins  o r  0 . 7 5  ml d i a l y s e d ’b i l e  e m u l s i f i e d  i n  1 .0  ml 
co m p le te  F r e u n d ' s  a d j u v a n t .  Two weeks a f t e r  t h e  f i n a l  dose  
b l o o d  was w i thdrawn and th e  serum s t o r e d  a t  - 2 5 °0 .
An a n t i s e r u m  s p e c i f i c  f o r  c h ic k en  IgA.was p r e p a r e d  by  
a b s o r b i n g  th e  a n t i s e r u m  p r e p a r e d  a g a i n s t  d i a l y s e d  b i l e ,  v / i th  
7 - d a y - o l d  c h i c k  serum. One 0 .0 5  ml drop o f  c h i c k  serum v/as 
added  to  1 ml a n t i s e r u m ,  t h e  m ix t u r e  i n c u b a t e d  a t  37°C f o r  
1 h o u r  and then  o v e r n i g h t  a t  4°C. F o l lo w in g  c e n t r i f u g a t i o n  
a t  2 ,0 0 0  g f o r  15 m in u t e s ,  t h e  s u p e r n a t a n t  was. t e s t e d  f o r  
a c t i v i t y  a g a i n s t  b o t h  c h ic k ,  serum and  t j i l e  IgA by  g e l  d i f f u s i o n .  
A b s o r p t io n  v/as c o n t i n u e d  u n t i l  no v i s i b l e  r e a c t i o n  o c c u r r e d  
v / i th  t h e  c h i c k  serum. ;
A n t i s e r a  to  c h ic k e n  IgG- and to  IgG and,IgM v/ere g e n e r o u s l y  
p r o v i d e d  by  Dr. X. D. A i t k e n ,  S u b -D ep a r tm en t  o f  Avian M e d ic in e ,  
U n i v e r s i t y  o f  L i v e r p o o l .  An a n t i s e r u m  s p e c i f i c  f o r  c h ic k en  
IgM v/as p r e p a r e d  b y  a b s o r b i n g  th e  a n t i s e r u m  to  IgG and  IgM 
v / i th  IgG. One 0 . 0 5  ml drop o f  IgG was added, to  1 ml a n t i s e r u m ,  
t h e  m ix t u r e  i n c u b a t e d  a t  37°U f o r  1 h o u r , and. th en  l e f t  a t  l\°G 
o v e r n i g h t .  A f t e r  rem ova l  o f  any p r e c i p i t a t e  by  c e n t r i f u g a t i o n ,  
th e  a n t i s e r u m  v/as t e s t e d  f o r  a c t i v i t y  a g a i n s t  IgG b y  g e l  
d i f f u s i o n .  A b s o r p t io n  was c o n t i n u e d  u n t i l  no v i s i b l e  r e a c t i o n  
o c c u r r e d .
Removal o f  R e s p i r a t o r y  S e c r e t i o n  VN A c t i v i t y  w i t h  A n t i -  
G l o b u l i n  Serum.
P o o l e d  n a s a l  and  t r a c h e a l  s e c r e t i o n s  ( 1 . 8  ml vo lum es)  v/ere 
m ixed  w i t h  e i t h e r  0 . 2  ml o f  a 1 /1 0  d i l u t i o n  o f  h e a t - i n a c t i v a t e d  
r a b b i t  a n t i s e r u m  to  c h ic k e n  im m unoglobu l ins  o r  0 . 2 m l  o f  a 
1 /1 0  d i l u t i o n  o f  h e a t - i n a c t i v a t e d  r a b b i t  p r e - i n o c u l a t i o n  •
c o n t r o l  serum. The m i x t u r e s  were i n c u b a t e d  a t  37°C f o r
60 m i n u t e s ,  l e f t  o v e r n i g h t  a t  4 ° c > c e n t r i f u g e d  a t  2 ,0 0 0  g
f o r  15 m in u te s  and t h e  s u p e r n a t a n t s  a s s a y e d  f o r  VN a c t i v i t y .
*
I I I .  RESULTS
IMMUNE RESPONSE TO NEWCASTLE DISEASE VIRUS
Pr e l i m i n a r y  I n v e s t i g a t i o n  o f  t h e  Response  o f  t h e  Chicken 
to  I n f e c t i o n .
S i x - w e e k - o l d  c h ic k e n s  were  i n f e c t e d  v / i th  NDV and  were  
examined f o r : -
a )  t h e  e x c r e t i o n  o f  v i r u s  f rom th e  r e s p i r a t o r y  t r a c t ,  
h )  changes  i n  t h e  c o n c e n t r a t i o n  o f  p r o t e i n  in  n a s a l  
s e c r e t i o n s ,
c) changes  i n  body t e m p e r a t u r e ,
d) h i s t o p a t h o l o g i c a l  chan g es ,
e )  t h e  deve lopm en t  o f  serum a n t i b o d y .
1. E x c r e t i o n  o f  V i r u s  from t h e  R e s p i r a t o r y  T r a c t .
V i r u s  v/as p r e s e n t  in  t h e  n a s a l  s e c r e t i o n s  o f  a l l  c h ic k e n s  
1 day a f t e r  i n t r a n a s a l  i n f e c t i o n  v / i th  NDV-B1 and  i n c r e a s e d  
i n  t i t r e  u n t i l  a j q e a k  v/as r e a c h e d  a t  a p p r o x i m a t e l y  4  days 
( f i g u r e  6 ) .  At 6 days t h e  t i t r e  h a d  d e c r e a s e d  c o n s i d e r a b l y ,  
a l t h o u g h  a l l  c h ic k e n s  were  s t i l l  e x c r e t i n g  some v i r u s .
However,  a t  8 dbys v i r u s  v/as o n l y  d e t e c t e d  a t  low t i t r e  i n  t h e  
n a s a l  s e c r e t i o n s  o f  2 c h ic k e n s  and even t h e s e  2 were  a p p a r e n t l y  
f r e e  o f  v i r u s  on th e  n i n t h .  T h e r e a f t e r  no v i r u s  was i s o l a t e d  
f rom  any o f  t h e  c h ic k e n s .  S i m i l a r  d a t a  v/ere o b t a i n e d  f rom 
c h ic k e n s  i n o c u l a t e d  i n t r a n a s a l l y  v / i th  NDV-B1 o r  NDV-LaSota 
( f i g u r e  7 ) ,  a l t h o u g h  in  t h i s  c a s e  t h e  number o f  c h i c k e n s  
e x c r e t i n g  v i r u s  v/as d e t e r m i n e d  b y  swabbing  t h e  i n t e r n a l  n a r e s
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F i g u r e  6. T i t r e  o f  v i r u s  i n  n a s a l  s e c r e t i o n s  t a k e n  from 
t o  c h ic k e n s  f o l l o w i n g  i n f e c t i o n  w i t h  NDV-B1.
Each p o i n t  r e p r e s e n t s  t h e  g e o m e t r i c  mean t i t r e  ± 
SE.
F i g u r e  7* E x c r e t i o n  o f  v i r u s  b y  g ro u p s  o f  10 c h ic k e n s  
a f t e r  i n t r a n a s a l  o r  i n t r a m u s c u l a r  i n o c u l a t i o n  
o f  NDV-B1 o r  NDV-LaSota.
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and  ■upper t r a c h e a .  A f t e r  i n t r a m u s c u l a r  i n o c u l a t i o n  w i t h  
e i t h e r  s t r a i n ,  v i r u s  v/as r e c o v e r e d  from o n ly  1 -  2 c h ic k e n s  
w i t h i n  2 days o f  i n o c u l a t i o n  ( f i g u r e  7 ).
2, C o n c e n t r a t i o n  o f  P r o t e i n  in  N a s a l  S e c r e t i o n s .
P r o t e i n  c o n c e n t r a t i o n s  o f  n a s a l  s e c r e t i o n s  f rom h e a l t h y  
young c h ic k e n s  v/ere f a i r l y  c o n s t a n t  v / i th  no v a l u e s  e x c e e d in g  
70 jjq  p e r  ml, h u t  3 days a f t e r  i n f e c t i o n  v/i.th NDV-B1 t h e r e  
v/as an i n c r e a s e  i n  p r o t e i n  c o n c e n t r a t i o n  to  n e a r l y  tv / ice  th e  
p r e - i n f e c t i o n  l e v e l  ( f i g u r e  8 ) .  High  c o n c e n t r a t i o n s  p e r s i s t e d  
u n t i l  8 days a f t e r  i n f e c t i o n  h u t  hy  9 days n a s a l  p r o t e i n  
c o n c e n t r a t i o n s  h a d  r e t u r n e d  to  p r e - i n f e c t i o n  l e v e l s  and  v/ere 
m a i n t a i n e d  th u s  t h r o u g h o u t  ' th e  r e m a in d e r  o f  t h e  e x p e r i m e n t .
3. Body T em pera tu re .
T h ere  was l i t t l e  change in  t h e  t e m p e r a t u r e  o f  c h i c k e n s
i n o c u l a t e d  i n t r a n a s a l l y  v / i th  NDV-B1 h u t  a f t e r  i n f e c t i o n  v / i th
NDV-LaSota hy  t h i s  r o u t e ,  s l i g h t l y  e l e v a t e d  t e m p e r a t u r e s  were  
d e t e c t e d  from 2 - 5  days a f t e r  i n f e c t i o n  . ( f i g u r e  9 ) .  A l th o u g h  
th e  d i f f e r e n c e s  in  hody  t e m p e r a t u r e  be tw een  th e  2 g ro u p s  were  
s m a l l ,  s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  u s i n g  S t u d e n t ’ s t - t e s  
shows t h a t  a t  2 and  5 hays a f t e r  c h a l l e n g e  t h e  d i f f e r e n c e d  
were s i g n i f i c a n t  a t  t h e  0 . 1$  l e v e l  (p< 0 . 0 0 l ) ,  a t  .days t h e y
were  s i g n i f i c a n t  a t  t h e  19$ l e v e l  ( p ^ O .O l ) ,  a t  3 days a t  t h e
2% l e v e l  (p<0 . 0 2 ) ,  h u t  a t  10  days t h e r e  were  no s i g n i f i c a n t  
d i f f e r e n c e s .
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F i g u r e  8. Changes i n  t h e  p r o t e i n  c o n c e n t r a t i o n  o f  n a s a l
s e c r e t i o n s  t a k e n  from 10 c h ic k e n s  i n f e c t e d  w i t h  
NDV-B*T# Each p o i n t  r e p r e s e n t s  t h e  mean v a l u e  ± SE,
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F i g u r e
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42*0**
4 6 8
Days
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9. Changes i n  b o d y  t e m p e r a t u r e  o f  g r o u p s  o f  10 
c h ic k e n s  f o l l o w i n g  i n f e c t i o n  w i t h  NDV-LaSota
( q  Q ) o r  b e i n g  h e l d  as c o n t r o l s  (O  O ) #
Each  p o i n t  r e p r e s e n t s  th e  mean v a l u e  i  SE.
k .  H i s t o p a t h o l o g i c a l  Changes.
The h i s t o p a t h o l o g i c a l  changes  o b s e r v e d  i n  t h e  n a s a l  t u r b i n a t e s  
and t r a c h e a  f o l l o w i n g  i n f e c t i o n  w i t h  NDV-B1 were  e s s e n t i a l l y  
s i m i l a r  ( f i g u r e s  10 -  15 ) .  The e a r l i e s t  l e s i o n s  were  seen  a t  
2 days a f t e r  i n f e c t i o n  and were l a r g e l y  c o n f i n e d  to  t h e
■ i
mucosae on th e  i n n e r ,  concave s u r f a c e  o f  t h e  m id d le  t u r b i n a t e s  
and t r a c h e a .  E a r l y  i n f i l t r a t i o n  o f  i n f l a m m a to r y  c e l l s  
p r o d u c e d  some t h i c k e n i n g  o f  t h e  mucosa a n d .d e s t r u c t i o n  o f  th e  
mucus g l a n d  c e l l s  was f a i r l y  a d v a n c e d  in  a few p l a c e s .  
Po lym orphs c o u ld  b e  se en  w i t h i n  and a ro u n d  t h e  somewhat 
c o n g e s t e d  c a p i l l a r i e s  and  c l o s e  to  t h e  c i l i a t e d  e p i t h e l i u m  
w hich ,  a t  t h i s  s t a g e ,  was l i t t l e  a f f e c t e d .  By 3 -  1+ days 
c o n s i d e r a b l y  more lym ph o id  i n f i l t r a t i o n  was o b s e r v e d  w i t h  a 
r e s u l t a n t  t h i c k e n i n g  o f  t h e  mucosa and o b l i t e r a t i o n  and  
o b s t r u c t i o n  o f  th e  m u c u s - s e c r e t i n g  g l a n d s .  The e p i t h e l i u m  
o v e r l y i n g  t h e s e  a r e a s  c o n s i s t e d  m a in ly  o f  c u b o i d a l  c e l l s  v / i th  
o r  w i t h o u t  c i l i a  and  squamous c e l l s .  A reas  o f  e p i t h e l i a l  
h y p e r p l a s i a  c o n t a i n i n g  s e v e r a l  m i t o t i c  f i g u r e s  were  a l s o  se en  
i n  th e  more ad v an c ed  a r e a s .  By 6 -  8 days i n f l a m m a t i o n  h a d  
r e d u c e d  and  c e l l u l a r  r e - o r g a n i s a t i o n  was u n d e r  w a y . W i t h i n  
t h e  a r e a s  o f  g r e a t e s t  ly m p ho id  i n f i l t r a t i o n ,  ly m p h o id  f o l l i c l e s  
were  a p p a r e n t  and  by  12 days t h e s e  v/ere p r o m in e n t .  By 21 days 
t h e  t i s s u e s  were  i n d i s t i n g u i s h a b l e  f rom t h o s e  o f  u n i n f e c t e d  
c h ic k e n s  o f  t h e  same age.
The c h ic k e n s  t h a t  h a d  r e c o v e r e d  from i n f e c t i o n  w i t h  NDV-B1 
a p p e a r e d  to  c o m p l e t e ly  r e s i s t  c h a l l e n g e  w i t h  NDV-LaSota g iv e n  
i n t r a n a s a l l y .  No l e s i o n s  were  s e e n ,  a l t h o u g h  d i s c r e t e  ly m p h o id  
n o d u l e s  were q u i t e  numerous .  In  c o n t r a s t ,  t h e  c o n t r o l s  
e x h i b i t e d . a  marked r e a c t i o n  to  c h a l l e n g e .  The l e s i o n s  were
F i g u r e  10. N a s a l  t u r b i n a t e  2 days a f t e r
i n f e c t i o n  w i t h  NDV-B1 . ( x  1 6 0 ) .
F i g u r e  11 .  N a s a l  t u r b i n a t e  3 days a f t e r
i n f e c t i o n  v / i th  NDV-Bt. ( x  1 6 0 ) .
F i g u r e  12. N a s a l  t u r b i n a t e  5 days a f t e r
i n f e c t i o n  w i t h  NDV-B1. ( x  1 60) .

F i g u r e -13* N a s a l  t u r b i n a t e  5 days a f t e r
i n f e c t i o n  w i t h  NDV-B1 . ( x  160) .
- F i g u r e  11}.. N a s a l  t u r b i n a t e  12 days a f t e r  
i n f e c t i o n  w i t h  NDV-ET. ( x  6 5 ) .
%
F ig u r e  13*- T rachea 3 days a f t e r  i n f e c t i o n  
w it h  NDV-B1. ( x  160) .

s i m i l a r  to  t h o s e  d e s c r i b e d  above, f o r  c h ic k e n s  i n f e c t e d  v / i th  
NDV-B1 , b u t  more s e v e r e  v / i th  g r e a t e r  oedema and  e p i t h e l i a l  
d i s r u p t i o n .
5. Serum A n t i b o d y  R e s p o n s e .
A f t e r  i n t r a n a s a l  i n f e c t i o n  w i t h  NDV-B1 t h e  HI "and VN a n t i b o d y  
r e s p o n s e s  were  v e r y  s i m i l a r  ( f i g u r e  1 6 ).  Low- c o n c e n t r a t i o n s  
o f  a n t i b o d y  v/ere f i r s t  d e t e c t e d  a t  6 days a f t e r  v i r u s  e x p o s u r e  
and v/ere fo l low ed-  by  a r a p i d  i n c r e a s e  to  r e a c h  maximum 
c o n c e n t r a t i o n s  by  day 11. HI a n t i b o d y  c o n c e n t r a t i o n s  v/ere 
u nc h an g e d  a t  day 1 6 , whereas  W  a n t i b o d y  c o n c e n t r a t i o n s  
e x h i b i t e d  a s l i g h t  d e c l i n e .
E x p e r im e n t s  on th e  Response  o f  t h e  Chicken to  L i v e  o r  I n a c t i v a t e d  
V i r u s .
Groups o f  c h ic k e n s  were i n f e c t e d  o r  immunised w i t h  l i v e  o r  
i n a c t i v a t e d  v i r u s  and t h e  immune r e s p o n s e  v/as m easu red .
1. The Development  o f  VN A n t ib o d y  2 .Weeks A f t e r  I n o c u l a t i o n  
w i t h  V i r u s .
F i v e  g ro up s  o f  1i+, 6 - w e e k - o l d  c h ic k e n s  were  t r e a t e d ,  as 
f o l l o w s : -  -
Group A: L i v e  NDV-B1 i n t r a n a s a l l y  
Group B: L iv e  NDV-B1 i n t r a m u s c u l a r l y  
Group C: I n a c t i v a t e d  NDV-B1 i n t r a n a s a l l y  a n d  
i n t r a t r a c h e a l l y  
Group D: I n a c t i v a t e d  NDV-B1 i n t r a m u s c u l a r l y  
Group E: U n t r e a t e d  c o n t r o l s .
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F i g u r e  16. Serum a n t i b o d y  r e s p o n s e  o f  10 c h ic k e n s  f o l l o w i n g  
i n f e c t i o n  w i t h  NDV-B1.' G e o m e t r ic  mean t i t r e s  1 SE
a r e  g iv e n  f o r  "both t h e  HI (O  O) and  VN ( o    -Q )
a n t i b o d y  r e s p o n s e s .
Two weeks l a t e r  s e ru m ,  t r a c h e a l  a n d  l u n g  w a s h i n g s  w e re  •
o b t a i n e d  f ro m  h a l f  t h e  c h i c k e n s  i n  e a c h  g r o u p .  The r e m a i n i n g  
- c h i c k e n s  v/ere g i v e n - l i v e  a n d  i n a c t i v a t e d  v i r u s  a s  ab o v e  a t  
9 weeks  o f  a g e  a n d  2 weeks  l a t e r  s e ru m  a n d  r e s p i r a t o r y  t r a c t  
s e c r e t i o n s  c o l l e c t e d .  •
I n f e c t i o n  with- l i v e  NDV-Bi b y  e i t h e r  r o u t e  r e s u l t e d  i n  h i g h  
c o n c e n t r a t i o n s  o f  serum a n t i b o d y  ( f i g u r e  1 7 ) ,  b u t  t h e  
i n a c t i v a t e d  v i r u s  p r e p a r a t i o n  i n d u c e d  lo w e r  c o n c e n t r a t i o n s  
o f  serum a n t i b o d y  when a d m i n i s t e r e d  i n t r a m u s c u l a r l y  and  much 
l o w e r  c o n c e n t r a t i o n s  when a d m i n i s t e r e d  d i r e c t l y  i n t o  t h e  
r e s p i r a t o r y  t r a c t .  VN a n t i b o d y  was o n l y  d e m o n s t r a t e d  i n  t h e  
t r a c h e a l  s e c r e t i o n s  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  o f  v i r u s  
i n t o  t h e  r e s p i r a t o r y  t r a c t  and  t h e  h i g h e s t  c o n c e n t r a t i o n s  v/ere 
d e t e c t e d  a f t e r  t h e  i n o c u l a t i o n  o f  l i v e  v i r u s .  W  a n t i b o d y  i n  
l u n g  s e c r e t i o n s  showed a somev/hat d i f f e r e n t  d i s t r i b u t i o n ,  s i n c e  
t h e y  were  o n l y  d e t e c t e d  a f t e r  e x p o s u r e  to  l i v e  v i r u s ,  e s p e c i a l l y  
v/hen t h i s  was a d m i n i s t e r e d  i n t r a m u s c u l a r l y .
T here  were  few m arked  changes  i n  t h e  c o n c e n t r a t i o n  o f  a n t i b o d y
f o l l o w i n g  th e  s e c o n d  i n o c u l a t i o n  o f  v i r u s  ( f i g u r e  1 8 ) .  Serum
a n t i b o d y  t i t r e s  r o s e  i n  a l l  b u t  g roup  A ( g i v e n  NDV-B1 i n t r a ~
n as a l l y ) ,  b u t  t h e r e  v/as l i t t l e  change i n  t h e  c o n c e n t r a t i o n s
*
o f  t r a c h e a l  s e c r e t i o n  a n t i b o d y .  C o n s i d e r a b l y  g r e a t e r  amounts 
o f  a n t i b o d y  v/ere fo u n d  i n  l u n g  s e c r e t i o n s  f o l l o w i n g  t h e  s e c o n d  
i n t r a m u s c u l a r  i n o c u l a t i o n  o f  l i v e  NDV-B1 and s m a l l  amounts 
were  d e t e c t e d  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  o f  t h e  i n a c t i v a t e d  
v i r u s  p r e p a r a t i o n  by  t h i s  r o u t e .
The r e s u l t s  o f  t h i s  e x p e r i m e n t  may b e  s u m m a r i s e d  as  shov/n 
i n  t a b l e  1.
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F i g u r e  17. VN t i t r e s  o f  s e r a ,  t r a c h e a l  and  l u n g  s e c r e t i o n s  
c o l l e c t e d  from g ro u p s  o f  c h ic k e n s  2 weeks a f t e r  
t h e y  h a d  been  a d m i n i s t e r e d  NDV-Bt i n t r a n a s a l l y  
(g ro u p  A),  NDV-B1 i n t r a m u s c u l a r l y  (g r o u p  B ) ,  
i n a c t i v a t e d  NDV-B1 i n t r a n a s a l l y  and  i n t r a t r a c h e a l l y  
(g ro u p  C j ,  i n a c t i v a t e d  NDV-Bi i n t r a m u s c u l a r l y  
(g ro u p  D) o r  l e f t  a s  u n t r e a t e d  c o n t r o l s  ( g r o u p  E)-  
G e o m e t r ic  mean t i t r e s  £  SE a r e  shown.
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F ig u r e  18 . VN t i t r e s  o f  s e r a ,  t r a c h e a l  and lu n g  s e c r e t i o n s  
c o l l e c t e d  from groups o f  c h ic k e n s  2 w eeks a f t e r  
th e  s e c o n d  a d m in i s t r a t io n  o f  NDV. For d e s c r i p t i o n  
o f  groups s e e  f i g u r e  17*
T a b le  1* The a p p earan ce  o f  VN a n t ib o d y  in  t r a c h e a l  and.
lu n g  s e c r e t i o n s  a f t e r  p r im ary  ( i ° )  and s e c o n d a r y  
( 2 °J  e x p o su r e  to  NDV*
V a c c in e R o u te A n tib o d y  in  s e c r e t i o n s  a f t e r  i °  and  
2° ex p o su r e  to  v ir u s
T ra c h e a l Lung
i  0  2 0 i °  2°
L iv e  NDV-Bi R e s p ir a t o r y +++++® +++ + +
L i v e  NDV-Bi P a r e n t e r a l -*> + ++ +++++
I n a c t i v a t e d
NDV-Bi R e s p ir a t o r y +++++ ++++ -  -
I n a c t i v a t e d
NDV-Bi P a r e n t e r a l
%
-  . +
None - — - “
a: Mean VN t i t r e  o f  s e c r e t i o n  /  mean VN t i t r e  o f  serum and  
e x p r e s s e d  on a s c a l e  from  + to  +++++. 
br No a n t ib o d y  d e m o n str a te d  in  s e c r e t i o n s .
2. S e q u e n t i a l  D evelopm ent  o f  VN A n t ib o d y  in  C h ickens  Given
L iv e  V ir u s  by  th e  R e s p ir a t o r y  R oute o r  I n a c t i v a t e d  V iru s  
In t  r  amu s c u l  a r  1 y .
Two groups o f  9 0 ,  3 - w e e k -o ld  c h ic k e n s  were g iv e n  l i v e  NDV-B1 
i n t r a n a s a l l y  o r  a com m ercial i n a c t i v a t e d  NDV v a c c i n e  i n t r a ­
m u s c u la r ly .  At th e  t im e o f  a d m in i s t r a t io n  o f  v i r u s  and a t  
2 -  k  day i n t e r v a l s  t h e r e a f t e r  f o r  3 w eek s , serum , n a s a l  and  
t r a c h e a l  w a sh in g s  w ere o b t a in e d  from  3 c h ic k e n s  p e r ,g r o u p  and  
serum and t r a c h e a l  s c r a p in g s  from  a f u r t h e r  3 c h i c k e n s  p e r  
grou p . A l l  th e  r e m a in in g  c h ic k e n s  w ere c h a l l e n g e d  b y  i n t r a n a s a l  
i n o c u l a t i o n  w i t h  NDV-LaSota and serum , n a s a l  and t r a c h e a l  
s e c r e t i o n s  c o l l e c t e d  as above .
A n tib o d y  was f i r s t  d e m o n str a te d  in  th e  serum o f  c h ic k e n s  6 days  
a f t e r  i n t r a n a s a l  i n o c u l a t i o n  v / i th  l i v e  NDV-B1 ( f i g u r e  19 )  and  
t h i s  r a p i d l y  i n c r e a s e d  in  c o n c e n t r a t io n  d u r in g  th e  s u c c e e d in g  
days r e a c h in g  a maximum by day 15* The e a r l i e s t  s ig n  o f  a 
s e r o l o g i c a l  r e s p o n s e  in  c h ic k e n s  i n o c u l a t e d  i n t r a m u s c u la r l y  
v / i th  th e  i n a c t i v a t e d  NDV v a c c in e  v/as s e e n  a t  day 8 , a f t e r  v /h ich  
th e  a n t ib o d y  c o n c e n t r a t io n  i n c r e a s e d  r a p i d l y  to  a c h ie v e  a 
maximum c o n c e n t r a t io n  a t  day 18 ,  h ig h e r  than t h a t  o b s e r v e d  
f o l l o w i n g  NDV-Bi i n f e c t i o n .  C h a l le n g e  w i t h  NDV-LaSota r e s u l t e d  
in  marked i n c r e a s e s  in  th e  serum a n t ib o d y  c o n c e n t r a t i o n s  o f
tl
b o th  groups o f  c h ic k e n s .
The VN a n t ib o d y  a c t i v i t y  fo u n d  in  n a s a l  and t r a c h e a l  s e c r e t i o n s  
i s  shown in  f i g u r e  20 . I n o c u l a t i o n  v / i th  l i v e  NDV-B1 r e s u l t e d  
in  th e  d eve lop m ent o f  tr a c h e a l '  seeret'i'on  a n t ib o d y  as  e a r l y  as  
6 days ( f i g u r e  20 b , c ) ,  b u t  t h i s  a c t i v i t y  g r a d u a l l y  d e c l i n e d  
o v e r  th e  s u c c e e d in g  d a y s .  The amount o f  a n t ib o d y  a c t i v i t y  a t
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F ig u r e  19* VN a n t ib o d y  r e s p o n s e  o f  c h ic k e n s  a d m in i s t e r e d
NDV-B^ i n t r a n a s a l l y  ( • ----- •  ) o r  i n a c t i v a t e d
NDV v a c c in e  in tr a m u s c u la r ly  ( o o ) .  Each  p o i n t
r e p r e s e n t s  th e  g e o m e tr ic  mean t i t r e  o f  th e  s e r a  
from 6 c h ic k e n s .
V
ir
us
-n
eu
tr
al
is
in
g 
tit
re
160 (a) Nasal washings
Challenge
80 -
40 -
20  ~
■*— <
(b) Tracheal scrapings80 -
20  -
80 -  
40 -  
20 -  
• $10  ®
(c) Tracheal washings
\
'3'
i i i r r
4 8 12 16 20 24
Days after vaccination
28 32
I
F i g u r e  20. VN t i t r e s  o f  n a s a l  and  t r ach ea l*  s e c r e t i o n s . f rom
c h ic k e n s  a d m i n i s t e r e d  NDV-B1 i n t r a n a s a l l y  ( ©----- © )
o r  i n a c t i v a t e d  NDV v a c c i n e  i n t r a m u s c u l a r l y  ( o— —o ) 
and  c h a l l e n g e d  3 weeks l a t e r  v / i th  NDV-LaSota. • Ea-ch- 
p o i n t  r e p r e s e n t s  t h e  g e o m e t r i c  mean t i t r e  o f  
s e c r e t i o n s  f rom  3  c h i c k e n s .
6 days was a b o u t  t h e  same as t h a t  fo u n d  i n  t h e  serum. A n t ib o d y  
i n  t h e  n a s a l  s e c r e t i o n s  was n o t  d e t e c t e d  u n t i l  2 days a f t e r  
t h e  p e a k  t r a c h e a l  s e c r e t i o n  a c t i v i t y  h a d  been  r e a c h e d ,  t h a t  i s ,
8 days a f t e r  i n f e c t i o n  ( f i g u r e  20 a ) .  However,  i t  a p p e a r e d  to  
b e  more p e r s i s t e n t  than  t h e  t r a c h e a l  a n t i b o d y ,  b e i n g  
d e m o n s t r a t e d  a t  a r e l a t i v e l y  h i g h  t i t r e  from 8 - 2 1  d a y s ,  
a l t h o u g h  a t r a n s i e n t - drop  i n  t i t r e  was o b s e r v e d  15 days a f t e r  
t h e  i n f e c t i o n .  C h ick e n s  t h a t  were  g iv e n  t h e  i n a c t i v a t e d  
v a c c i n e  i n t r a m u s c u l a r l y  f a i l e d  to  show any s i g n i f i c a n t  a n t i b o d y  
i n  n a s a l  o r  t r a c h e a l  s e c r e t i o n s ,  d e s p i t e  t h e  h i g h  c o n c e n t r a t i o n s  
o f  se rum  a n t i b o d y  t h a t  d e v e lo p e d .  ■
C h a l l e n g e  w i t h  NDV-LaSota o f  t h e  c h ic k e n s  p r e v i o u s l y  a d m i n i s t e r e d  
i n a c t i v a t e d  v a c c i n e  r e s u l t e d  i n  t h e  a p p e a ra n c e  o f  a n t i b o d y  
a c t i v i t y  i n  b o t h  n a s a l  and  t r a c h e a l  s e c r e t i o n s  ( f i g u r e  2 0 ) and  
h i g h  c o n c e n t r a t i o n s  o f  a n t i b o d y  were  fo u n d  i n  t h e  n a s a l  
s e c r e t i o n s  as soon as  6 -  8 days a f t e r  c h a l l e n g e .  Somewhat 
l o w e r  c o n c e n t r a t i o n s  were d e t e c t e d  i n  t h e  t r a c h e a l  s e c r e t i o n s .  
T r a c h e a l  w ash in gs  e x h i b i t e d  h i g h e r  c o n c e n t r a t i o n s  o f  a n t i b o d y  
a c t i v i t y  than  d i d  t r a c h e a l  s c r a p i n g s ,  t h i s  b e i n g  p a r t i c u l a r l y  
e v i d e n t  a t  9 days p o s t - c h a l l e n g e .
C h ickens  w h ich  were c h a l l e n g e d  w i t h  NDV-LaSota a f t e r  t h e  
p r e v i o u s  a d m i n i s t r a t i o n  o f  NDV-B1 a l s o  showed a m arked  r i s e  
i n  n a s a l  s e c r e t i o n  a n t i b o d y  c o n c e n t r a t i o n ,  b u t  r e l a t i v e l y  low 
i n c r e a s e s  i n  t h e  amount o f  t r a c h e a l  s e c r e t i o n  a n t i b o d y .
3. S e q u e n t i a l  Development  o f  VN A n t ib o d y  in  C h ick en s  Given
I n a c t i v a t e d  V i r u s  by  t h e  R e s p i r a t o r y  R ou te  o r  L iv e  V i r u s  
I n  t ram us c u l a r l y .
Tv/o g ro u p s  o f  21+, 3~ w eek -o ld  c h ic k e n s  were  g iv e n  i n a c t i v a t e d  
NDV-B1 b o t h  i n t r a n a s a l l y  and  i n t r a t r a c h e a l l y  o r  l i v e  NDV-B1 
i n t r a m u s c u l a r l y .  At t h e  t im e  o f  v i r u s  a d m i n i s t r a t i o n  and  a t  ✓
r e g u l a r  i n t e r v a l s  t h e r e a f t e r ,  n a s a l  and  t r a c h e a l  s e c r e t i o n s  
were  c o l l e c t e d  f r o m ' 3 c h ic k e n s  p e r  g ro u p .  Serum was a l s o  
o b t a i n e d  a t  w eek ly  i n t e r v a l s .
T h e re  was a r a p i d  d eve lopm en t  o f  s e r u m . a n t i b o d y  i n  c h ic k e n s  
w h ich  r e c e i v e d  an i n t r a m u s c u l a r  i n o c u l a t i o n  o f  l i v e  v i r u s ,  
w i t h  a r e l a t i v e l y  h i g h  t i t r e  b e i n g  r e c o r d e d  a s  e a r l y  as  7 days 
( f i g u r e  2 1 ) .  However,  t h e  s u b s e q u e n t  r i s e  was m o d es t .  On t h e  . 
o t h e r  h and ,  t h e  i n a c t i v a t e d  v i r u s  a d m i n i s t e r e d  by  t h e  r e s p i r a t o r y  
r o u t e  s t i m u l a t e d  h a r d l y  any serum a n t i b o d y  a t  day 7 ,b u t '  d i d  
i n d u c e  low t i t r e s  l a t e r .
C o n c e n t r a t i o n s  o f  n a s a l  and  t r a c h e a l  VH a n t i b o d y  were  low 
( f i g u r e  2 2 ) and  t h e  g r e a t e s t  c o n c e n t r a t i o n s  were  f o u n d  a f t e r
i  .I .
t h e  a d m i n i s t r a t i o n  o f  i n a c t i v a t e d  v i r u s  i n t o  t h e  r e s p i r a t o r y  
t r a c t .  L iv e  v i r u s  g iv e n  i n t r a m u s c u l a r l y  i n d u c e d  o n l y  s l i g h t  
and  t r a n s i e n t  a n t i b o d y  a c t i v i t y  i n  t h e  r e s p i r a t o r y  t r a c t  
s e c r e t i o n s .
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F i g u r e  21* VN anti-body r e s p o n s e  o f  c h ic k e n s  a d m i n i s t e r e d
i n a c t i v a t e d  NDV-B1 i n t r a n a s a l l y  an d  i n t r a t r a c h e a l l y
(© q ) o r  l i v e  NDV-B1 i n t r a m u s c u l a r l y  ( O  O ) .
Each  p o i n t  r e p r e s e n t s  t h e  g e o m e t r i c  mean t i t r e  o f  
t h e  s e r a  f rom 3 c h i c k e n s .
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F i g u r e  22. VN t i t r e s  o f  n a s a l  and  t r a c h e a l  s e c r e t i o n s  f rom 
c h ic k e n s  a d m i n i s t e r e d  i n a c t i v a t e d  NDV-Bi i n t r a -
n a s a l l y  and  i n t r a t r a c h e a l l y  ( O O ) o r  l i v e
NDV-B1 i n t r a m u s c u l a r l y  (O  O ) .  Each  p o i n t
r e p r e s e n t s  t h e  g e o m e t r i c  mean t i t r e  o f  s e c r e t i o n s  
r f rom 3 c h i c k e n s .
2-U The Developm ent  o f  A n t ib o d y  in  C hickens  Given L iv e  Vi mas
b y  A e r o s o l  o r  I n t r a n a s a l l y .
T h ree  g ro u ps  o f  5, 6 - w e e k - o l d  c h i c k e n s .w e r e  u s e d  i n  t h i s  
e x p e r i m e n t ,  g rou p  A e x po sed  to  an a e r o s o l  o f  l i v e  NDV-Bi, 
g ro u p  B g iv en  l i v e  NDV-B1 i n t r a n a s a l l y  and g roup  C l e f t  as  
u n t r e a t e d  c o n t r o l s .  A f t e r  2 weeks s e r a ,  n a s a l  and  t r a c h e a l  
s e c r e t i o n s  were c o l l e c t e d .
A e r o s o l  i n o c u l a t i o n  o f  v i r u s  p ro v o k e d  t h e  h i g h e s t  c o n c e n t r a t i o n s  
o f  se rum  a n t i b o d y  ( f i g u r e  2 3 ) ,  b u t  n a s a l  s e c r e t i o n  a n t i b o d y  
a c t i v i t y  was h i g h e s t  f o l l o w i n g  i n t r a n a s a l  i n o c u l a t i o n .  T r a c h e a l  
s e c r e t i o n  a n t i b o d y ,  a l t h o u g h  a t  a v e r y  low c o n c e n t r a t i o n ,  v/as 
a t  a s l i g h t l y  h i g h e r  t i t r e  f o l l o w i n g  a e r o s o l  i n o c u l a t i o n  o f  
v i r u s .
D evelopm ent  o f  R e s i s t a n c e  o f  t h e  R e s p i r a t o r y  T r a c t  F o l lo w in g  
.E x p o su re  to  V i r u s .
Groups o f  10,  3 - w e e k - o l d  c h ic k e n s  were  t r e a t e d  as  f o l l o w s  
Group A: U n t r e a t e d  c o n t r o l s ,
Group B: I n a c t i v a t e d  NDV v a c c i n e  i n t r a m u s c u l a r l y ,
Group C: I n a c t i v a t e d  NDV-B1 i n t r a n a s a l l y  a n d  i n t r a -  
t r a c h e a l l y ,
Group D: L iv e  NDV-B1 i n t r a m u s c u l a r l y ,
Group E : Lo^ve NDV-BI i n  t r a n a s a l l y .
T hree  weeks l a t e r  t h e y  were c h a l l e n g e d  w i t h  l i v e  v i r u s  
a d m i n i s t e r e d  i n t r a n a s a l l y  and  t h e  p r o p o r t i o n  o f  c h ic k e n s  
e x c r e t i n g  v i r u s  was de te rm ined*  _ _ ■
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F i g u r e  23. VN t i t r e s  o f  s e r a ,  n a s a l  and  t r a c h e a l  s e c r e t i o n s  
f rom g ro u ps  o f  3 c h ic k e n s  2 weeks a f t e r  t h e y  were 
i n f e c t e d  w i t h  NDV-Bi i n  an a e r o s o l  (g ro u p  A) o r  
i n t r a n a s a l l y  (g ro u p  B).  U n t r e a t e d  c o n t r o l s  ( g r o u p  C). 
G e o m e t r ic  mean, t i t r e s  ± SE a r e  shown.
1. R e s i s t a n c e  to  C h a l l e n g e  w i t h  NDV-B1.
F o l lo w in g  c h a l l e n g e  w i t h  NDV—B1, a l l  o f  t h e  u n t r e a t e d  c o n t r o l  
c h ic k e n s  e x c r e t e d  v i r u s  f o r  a t  l e a s t  6 days ( f i g u r e  2k)  and  
h a l f  were  s t i l l  e x c r e t i n g  v i r u s  on t h e  s e v e n t h  day,  h u t  by  9 
days a f t e r  c h a l l e n g e  no v i r u s  w as  d e t e c t e d .
When c h a l l e n g e  was p r e c e d e d  by  th e  a d m i n i s t r a t i o n  o f  l i v e
i
v i r u s  i n t r a m u s c u l a r l y  o r  i n t r a n a s a l l y ,  h i g h  c o n c e n t r a t i o n s  
o f  serum a n t i b o d y  were  i n d u c e d  and marked r e s i s t a n c e  to  
c h a l l e n g e  s t i m u l a t e d ,  w i t h  c o m p le te  p r o t e c t i o n  a p p a r e n t l y  
r e s u l t i n g  from t h e  i n t r a n a s a l l y  a d m i n i s t e r e d  v i r u s .  However, 
when an i n a c t i v a t e d  NDV v a c c i n e  was i n o c u l a t e d  i n t r a m u s c u l a r l y ,  
t h e r e  was l i t t l e  e v id e n c e  o f  r e s i s t a n c e  to  c h a l l e n g e  i n  t h e  
r e s p i r a t o r y  t r a c t ,  even though  h i g h  l e v e l s  o f  serum a n t i b o d y  
h a d  r e s u l t e d .  I n d e e d ,  i n a c t i v a t e d  NDV-Bi a d m i n i s t e r e d  d i r e c t l y  
i n t o  t h e  r e s p i r a t o r ^  t r a c t  i n d u c e d  a g r e a t e r  d e g re e  o f  
r e s i s t a n c e  i n  t h e  r e s p i r a t o r y  t r a c t  d e s p i t e  th e  much l o w e r  
serum a n t i b o d y  c o n c e n t r a t i o n s .
C h a l l e n g e  r e s u l t e d  i n  i n c r e a s e s  i n  serum a n t i b o d y  c o n c e n t r a t i o n s  
i n  a l l  g ro u p s  by  7 d a y s ,  a l t h o u g h  t h e  g roup  o f  c h ic k e n s  
v a c c i n a t e d  i n t r a n a s a l l y  w i t h  l i v e  v i r u s  showed o n l y  a v e r y  
s l i g h t  r i s e  i n  a n t i b o d y  t i t r e .
2. R e s i s t a n c e  to  C h a l l e n g e  w i t h  NDV-LaSota.
E x c r e t i o n  o f  v i r u s  f o l l o w i n g  c h a l l e n g e  w i t h  NDV-LaSota 
a p p e a r e d  n o t  to  be  g r e a t l y  d i f f e r e n t  f rom  t h a t  f o l l o w i n g  
c h a l l e n g e  w i t h  NDV-B1 ( f i g u r e  2 5 ) .  The u n t r e a t e d  c o n t r o l  
c h ic k e n s  a l l  e x c r e t e d  v i r u s  f o r  a t  l e a s t  k  days f o l l o w i n g
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F ig u r e  V ir u s  e x c r e t i o n  and serum a n t ib o d y  r e s p o n s e
f o l l o w i n g  c h a l l e n g e  w i t h  NDV-B1 o f  5 g ro u p s  o f  
c h ic k e n s  p r e v i o u s l y  g i v e n : -  
no v i r u s  (A)
i n a c t i v a t e d  NDV v a c c in e  in t r a m u s c u la r ly  (B)  
i n a c t i v a t e d  NDV-B1 i n t r a n a s a l l y  and i n t r a -
t r a c h e a l l y  (C)
l i v e  NDV-Bt i n t r a m u s c u la r ly  (D) 
l i v e  NDV-Bi i n t r a n a s a l l y  ( E ) .
Days sftar challang*
F ig u r e  25* V ir u s  e x c r e t i o n  and serum a n t ib o d y  r e s p o n s e  .
f o l l o w i n g  c h a l l e n g e  w i t h  NDV-LaSota o f  5 g rou p s  
o f  c h ic k e n s  p r e v i o u s l y  g i v e n : -  
no v i r u s  (A)
i n a c t i v a t e d  NDV v a c c in e  in t r a m u s c u la r l y  (B )  
i n a c t i v a t e d  NDV-B1 i n t r a n a s a l l y  and i n t r a -
t r a c h e a l l y  (C)
l i v e  NDV-Bi in t r a m u s c u la r ly  (D)  
l i v e  NDV-Bi i n t r a n a s a l l y  ( E ) .
c h a l l e n g e ,  w i t h  8 o u t  o f  10 e x c r e t i n g  v i r u s  on th e  s i x t h  day. . 
P r e v io u s  a d m in i s t r a t io n  o f  an i n a c t i v a t e d  NDV v a c c in e  i n t r a -  
m u s c u la r ly  d id  n o t  r e s u l t  in  any d e c r e a s e  in  th e  p r o p o r t io n  o f  
c h ic k e n s  e x c r e t i n g  v i r u s  d u r in g  th e  f i r s t  3 days f o l l o w i n g  
c h a l l e n g e ,  a l th o u g h  some r e s i s t a n c e  was a p p a r e n t  a t  ij. and 6 . 
d a y s .  • '
I n a c t i v a t e d  v i r u s  g iv e n  b y  th e  r e s p i r a t o r y  r o u t e  and l i v e  v i r u s  
g iv e n  e i t h e r  in t r a m u s c u la r ly  o r  i n t r a n a s a l l y  a l l  s u c c e e d e d  in  
in d u c in g  p a r t i a l  r e s i s t a n c e  to  c h a l l e n g e ,  w i t h  th e  i n t r a n a s a l l y  
a d m in is t e r e d  l i v e  v i r u s  a c h i e v i n g  th e  h i g h e s t  d e g r e e  o f  
r e s i s t a n c e .  Serum a n t ib o d y  t i t r e s  a t  7 days a f t e r  c h a l l e n g e  
w ere a l l  c o n s id e r a b ly  h ig h e r  than t h o s e  p r e v a i l i n g  a t  th e  t im e  
o f  c h a l l e n g e .
D evelop m en t o f  R e s i s t a n c e  o f  th e  R e s p ir a t o r y  T r a c t  a f t e r  
P a s s i v e  Im m u n isa t io n .
Groups o f  1- d a y - o l d  c h ic k e n s  w ere p a s s i v e l y  im m unised w i t h  
NDV a n t is e r u m  (VN t i t r e  1 /5 1 2 0 )  b y  th e  su b c u ta n e o u s  r o u t e .
Two days l a t e r  im m unised and unim m unised c h ic k e n s  w ere  i n f e c t e d  
i n t r a n a s a l l y  w i t h  l i v e  NDV-B1„and were s u b s e q u e n t ly  c h a l l e n g e d  
b y  th e  same r o u t e ,  a lo n g  w i t h  u n i n f e c t e d  c o n t r o l s ,  w i t h  NDV-B1 
3 weeks l a t e r  o r  w i t h  NDV-LaSota 3 o r  10 weeks l a t e r .  Serum  
was o b t a in e d  from a l l  c h ic k e n s  a t  th e  t im e  o f  c h a l l e n g e  and  
7 days l a t e r ,  and th e  p r o p o r t io n  o f  c h ic k e n s  e x c r e t i n g  v i r u s  
f o l l o w i n g  c h a l l e n g e  was d e te r m in e d .
1. R e s i s t a n c e  to  C h a l le n g e  w i th  NDV-B1.
Serum a n t ib o d y  t i t r e s  in  o f  th e  p a s s i v e l y  im m unised c h ic k e n s  
s e l e c t e d  a t  random (g ro u p s  C and D) 2 days a f t e r  th e  i n o c u l a t i o n  
o f  a n t i s e r a  ra n g ed  from 1 /1 6 0  -  1/ 320 ,  b u t  by th e  t im e  o f  
c h a l l e n g e  p a s s i v e  a n t ib o d y  had  f a l l e n  to  n e g l i g i b l e  l e v e l s  in  
th e  group t h a t  had  n o t  been  i n f e c t e d  w i t h  v i r u s  a t  3 days o f  
age (g ro u p  C, f i g u r e  2 6 ) .  I n f e c t i o n  w i t h  v i r u s  a t  3 days o f
age  in  th e  a b se n c e  o f  p a s s i v e  im m unity (grou p  B) r e s u l t e d  in\
r e l a t i v e l y  h ig h  c o n c e n t r a t io n s  o f  serum  a n t ib o d y  at. th e  t im e o f  
c h a l l e n g e ,  b u t  in  th e  p r e s e n c e  o f  p a s s i v e  im m unity (g ro u p  D) 
much lo w e r  c o n c e n t r a t io n s  o f  serum a n t ib o d y  r e s u l t e d  (p < 0 . 001 
b y  S t u d e n t ’ s t - t e s t ) .
F o l lo w in g  c h a l l e n g e ,  th e  c h ic k e n s  t h a t  had  n o t  b een  i n f e c t e d  
w it h  v i r u s  a t  3 days o f  age  (g r o u p s  A and C) a l l  e x c r e t e d  v i r u s ,  
w hereas th o s e  t h a t  had  p r e v i o u s l y  e x p e r ie n c e d  v i r u s  (g r o u p s  B 
and D) ap p ea red  to  c o m p le t e ly  r e s i s t  c h a l l e n g e .  H ow ever, a l l  
groups e x h i b i t e d  a r i s e  in  serum a n t ib o d y  c o n c e n t r a t i o n s  a t  
7 days p o s t - c h a l l e n g e .
2 .  R e s i s t a n c e  to  C h a l le n g e  w i t h  NDV-LaSota.
. A t  th e  t im e o f  c h a l l e n g e ,  much h ig h e r ,  c o n c e n t r a t io n s  o f  serum
' I •
a n t ib o d y  w ere p r e s e n t  in  th e  b lo o d  o f  c h ic k e n s  i n f e c t e d  a t  
3 days o f  age in  th e  a b se n c e  o f  p a s s i v e  imm unity (g ro u p  B, 
f i g u r e  2 7 ) ,  than in  c h ic k e n s  i n f e c t e d  in  th e  p r e s e n c e  o f  
p a s s i v e  immunity (grou p  C). A f t e r  c h a l l e n g e  a l l  c h ic k e n s  
d e v e lo p e d  e l e v a t e d  a n t ib o d y  c o n c e n t r a t i o n s ,  b u t  o n ly  th e  
u n t r e a t e d  c o n t r o l  c h ic k e n s  (g ro u p  A) c o n s i s t e n t l y  e x c r e t e d
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V iru s  e x c r e t i o n  and serum a n t ib o d y  r e s p o n s e  
f o l l o w i n g  c h a l l e n g e  w i t h  NDV-B1 a t  3 weeks a f t e r  
v a c c i n a t i o n .
Group A: No p a s s i v e  im m unity , n o t  v a c c i n a t e d  w i t h  
NDV-Bi a t  3 days o f  a ge .
Group B: No p a s s i v e  im m unity , b u t  v a c c i n a t e d  w i t h  
NDV-B1 a t  3 days o f  a g e .
Group C: P a s s i v e  im m unity , n o t  v a c c i n a t e d  w i t h  
' NDV-B1 a t  3 days o f  a g e .
Group Ds P a s s i v e  im m unity  and v a c c i n a t e d  w i t h  
,— -NDV-B1 a t  3 days o f  a g e . ,
! i
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F ig u r e  27* V ir u s  e x c r e t i o n  and serum a n t ib o d y  r e s p o n s e
f o l l o w i n g  c h a l l e n g e  w i t h  NDV-LaSota a t  3 w eeks  
a f t e r  v a c c i n a t i o n .
Group A: No p a s s i v e  im m unity , n o t  v a c c i n a t e d  w i t h  
NDV-Bt at. 3 days o f  a g e .
Group B: No p a s s i v e  im m unity , b u t  v a c c i n a t e d  w i t h  
NDV-B1 a t  3 days o f  age .
Group C: P a s s i v e  im m unity and v a c c i n a t e d  w i t h  
NDV-B1 a t  3 days  o f  a ge .
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F i g u r e  28. V i r u s  e x c r e t i o n  and  serum  a n t i b o d y  r e s p o n s e
f o l l o w i n g  c h a l l e n g e  w i t h  NDV-LaSota a t  10 weeks 
a f t e r  v a c c i n a t i o n .  F o r  d e s c r i p t i o n  o f  g r o u p s  s e e  
f i g u r e  21.
v i r u s .  T h e re  were no s i g n i f i c a n t  d i f f e r e n c e s  be tw een  th e  
s m a l l  amount o f  v i r u s  e x c r e t i o n  d e t e c t e d  i n  e a c h  o f  g ro u p s  
B and  C.
D e l a y i n g  c h a l l e n g e  f o r  a f u r t h e r  7 weeks d i d  n o t  g r e a t l y  
a f f e c t  t h e  immune r e s p o n s e  o r  t h e  l o c a l  r e s i s t a n c e  t o  v i r u s  
e x c r e t i o n  ( f i g u r e  2 8 ) ,  even though  serum  a n t i b o d y  c o n c e n t r a t i o n s  
i n  g ro u p  C h a d  f a l l e n  to  n e g l i g i b l e  l e v e l s  a t  t h e  t im e  o f  
c h a l l e n g e .
In  V i t r o  D e m o n s t r a t io n  o f  R e s i s t a n c e  o f  th e  R e s p i r a t o r y  T r a c t .  "
T r a c h e a l  e x p l a n t s  p r e p a r e d  from c h ic k e n s  k i l l e d  6 weeks a f t e r  
t h e y  h a d  been  v a c c i n a t e d  a t  3 weeks o f  age and f rom u n t r e a t e d  
c o n t r o l  c h ic k e n s  o f  t h e  same a g e ,  were u s e d  to  s t u d y  i n  v i t r o  
r e s i s t a n c e  to  v i r u s  i n f e c t i o n .
1. A ssay  o f  V i r u s  i n  T r a c h e a l  E x p l a n t s  f rom C h ickens  Immunised  
w i t h  L iv e  o r  I n a c t i v a t e d  NDV.
The r e s u l t s  o f  a s s a y i n g  th e  s t o c k  s u s p e n s io n  o f  NDV-LaSota i n  
s e t s  o f  t r a c h e a l  e x p l a n t s  d e r i v e d  from u n t r e a t e d  c h i c k e n s  
( g ro u p  A),  f rom c h ic k e n s  p r e v i o u s l y  i n f e c t e d  i n t r a n a s a l l y  w i t h  
NDV-LaSota ( g ro u p  B) “and  f rom  c h ic k e n s  p r e v i o u s l y  i n o c u l a t e d  
i n t r a m u s c u l a r l y  w i t h  an i n a c t i v a t e d  NDV v a c c i n e  ( g ro u p  C) a r e  
shown i n  t a b l e  2. ; —
S i m i l a r  v i r u s  t i t r e s  r e s u l t e d  f rom t h e  a s s a y s  p e r f o r m e d  i n  t h e  
e x p l a n t s  from c o n t r o l  c h ic k e n s  and from  t h o s e  a d m i n i s t e r e d  t h e  
i n a c t i v a t e d  NDV v a c c i n e ,  w hereas  s i g n i f i c a n t l y  l o w e r  t i t r e s  
r e s u l t e d  from th e  a s s a y s  p e r f o r m e d  i n  t h e  e x p l a n t s  f ro m  c h ic k e n s
T a b le  2 .  A ssa y  o f  NDV in  t r a c h e a l  e x p la n t s  and VN
a n t ib o d y  t i t r e s  o f  s e r a  from c h ic k e n s  p r e v i o u s l y  
im m unised w i t h  l i v e  and i n a c t i v a t e d  NDV.
Group P r e v io u s  t r e a tm e n t  C hicken  
o f  c h ic k e n s  number
V ir u s  t i t r e a A n t ib o d y  t i t r e
A None 1 7*8 MO
2 7*8 % <10
3 7 . 6 <•10
k 8 . 0 <10
- mean £  SE 7 . 8  £  0 . 1 1 <10
B I n f e c t e d 5 7 . 3  . 61].0 ......
w it h  NDV 6 7 . 0 . 6i4-0
7 7 . 3 .160
8 7 . 6 320
mean £  SE 7 . 3  £ 0.11
+ 
I
o$
18 'T -
C G iven  i n a c t i v a t e d 9 8 .1 euo
-
NDV v a c c in e 1 0 - 7 . 5 1280
p a r e n t e r a l l y 11 8 . 0 320
12 7 . 8 320
mean £ SE 7 . 9 *  0 .1 1 61+0 £ *81
a: l o g 10 CD5q p e r  ml.
A n a l y s i s  o f  v a r ia n c e :
V ir u s  t i t r e s  o f  group A compared w i t h  C N o t  s i g n i f i c a n t  
V ir u s  t i t r e s  o f  groups A^C compared w i t h  B p < 0 .01 
A n tib o d y  t i t r e s  o f  group B compared w i t h  C N o t  s i g n i f i c a n t
p r e v i o u s l y  i n f e c t e d  w i t h  l i v e  v i r u s .  The h i g h e s t  serum a n t ib o d y  
c o n c e n t r a t io n s  were fou n d  in  th e  c h ic k e n s  a d m in is t e r e d  th e  
i n a c t i v a t e d  NDV v a c c in e .  No d i f f e r e n c e s  in  c i l i a r y  a c t i v i t y  
were o b se r v e d  in  t r a c h e a l  e x p la n t s  from u n t r e a t e d ,  p r e v i o u s l y  
i n f e c t e d  o r  v a c c i n a t e d  c h ic k e n s .
2. V ir u s  Growth S t u d i e s  in  T r a c h e a l  E x p la n t s .
NDV grow th  was s t u d i e d  in  t r a c h e a l  e x p la n t s  d e r iv e d  from 6 
c h ic k e n s  t h a t  had been  p r e v i o u s l y  i n o c u l a t e d  w i th  NDV-LaSota 
and from 6 u n t r e a t e d  c o n t r o l  c h ic k e n s .  The grow th  c u r v e s  
( f i g u r e  2 9 )  show t h a t  v i r u s  i n c r e a s e d  in  t i t r e  th rd u g h o u t th e  
p e r i o d  o f  i n v e s t i g a t i o n  in  b o th  s e t s  o f  e x p l a n t s .  H owever,  
v i r u s  c o n c e n t r a t io n  was c o n s i s t e n t l y  lo w e r  in  th e  e x p la n t s  
d e r iv e d  from th e  c h ic k e n s  p r e v i o u s l y  i n o c u l a t e d  v / i th  v i r u s ,  
w it h  th e  d i f f e r e n c e s  in  t i t r e  r a n g in g  from  1 .6  -  .2 . 0  log^Q  
TCD50 p e r  ml.
3. E xam in ation  o f  T r a c h e a l  E x p la n ts  f o r  P e r s i s t e n t  V ir u s .
F l u id s  from 20 t r a c h e a l  e x p la n t  r in g s  d e r iv e d  from  c h ic k e n s  
t h a t  had  been p r e v i o u s l y  e x p o se d  to  NDV-LaSota, w ere exam ined  
a f t e r  3 days in c u b a t io n  f o r  i n f e c t i o u s  v ir u s  by  th e  i n o c u l a t i o n  
o f  em bryonated e g g s .  No v i r u s  was d em o n stra ted .
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F ig u r e  29- Growth: o f  NDV i n  t r a c h e a l  e x p la n t s  from
p r e v i o u s l y  u n i n f e c t e d  ( o— - o  ) o r  i n f e c t e d  
( ■ •  ) c h ic k e n s -  Each p o i n t  r e p r e s e n t s  th e
mean t i t r e  ± SE o f  v i r u s  from 6 P e t r i  d i s h  
c u l t u r e s  e a c h  d e r iv e d  from a d i f f e r e n t  an im al-
IMMUNE RESPONSE TO AVIAN INFECTIOUS BRONCHITIS VIRUS*
P r e l i m i n a r y  I n v e s t i g a t i o n  o f  t h e  R esponse  o f  t h e  Chicken to  
I n f e c t i o n .
S i x - w e e k - o l d  c h ic k e n s  were i n f e c t e d  i n t r a n a s a l l y  w i t h  IBV and  
w ere exam ined f o r : -
a )  th e  e x c r e t i o n  o f  v i r u s  from th e  r e s p i r a t o r y  t r a c t ,  
ch an ges  in  th e  c o n c e n t r a t io n  o f  p r o t e i n  i n  n a s a l  
s e c r e t i o n s ,
c )  s i g n s  o f  r e s p i r a t o r y  d i s t r e s s ,
d) h i s t o p a t h o l o g i c a l  c h a n g e s ,
e )  th e  d ev e lo p m en t o f  serum a n t ib o d y .
1. E x c r e t io n  o f  V ir u s  from  th e  R e s p ir a t o r y  T r a c t .
The f r e q u e n c y  w i t h  w h ich  v i r u s  was i s o l a t e d  from  swabs o f  th e  
i n t e r n a l  n a r e s  and u p p er  t r a c h e a  from groups o f  6 c h ic k e n s  
i n f e c t e d  w ith  AIB v i£ u s  s t r a i n s  HVI—9 o r  IBV-l+i i s  i l l u s t r a t e d  
in  f i g u r e  30 . V ir u s  was i s o l a t e d  from a l l  o r  n e a r l y  a l l  c h ic k e n s  
f o r  up to  8 days f o l l o w i n g  i n f e c t i o n  w i t h  e i t h e r  s t r a i n  o f  v i r u s ,  
b u t  b y  9 days a marked r e d u c t io n  in  th e  p r o p o r t io n  o f  c h ic k e n s  
e x c r e t i n g  v i r u s  was o b s e r v e d ,  and from  10 — 12  days v i r u s  was 
o n ly  i s o l a t e d  s p o r a d i c a l l y .  At 1U -  16 days a f t e r  i n f e c t i o n  no  
e x c r e t i o n  o f  v i r u s  was d e m o n str a te d .
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Days a f ter  i n f e c t i o n
F i g u r e - 30 . ' E x c r e t io f t  o f  v i r u s  b y  groups o f  6 c h ic k e n s  
j a d m in is t e r e d  IBY s t r a i n  HVT-9 o r  IBV-1+1
i n t r a n a s a l l y *  ,
2. C o n c e n tr a t io n  o f  P r o t e in  in  N a s a l  S e c r e t i o n s .
The ch an ges  in  c o n c e n t r a t io n  o f  p r o t e i n  in  n a s a l  s e c r e t i o n s  
c o l l e c t e d  from groups o f  6 c h ic k e n s  i n f e c t e d  w i th  HVI-9 a re  
shown in  f i g u r e  31. Al.though t h e r e  was c o n s id e r a b l e  v a r i a t i o n  
in  p r o t e i n  c o n c e n t r a t io n  b etw een  i n d i v i d u a l  a n im a ls ,  a l l  
i n f e c t e d  c h ic k e n s  e x h i b i t e d  a g e n e r a l  i n c r e a s e  in  p r o t e i n  
c o n c e n t r a t io n  r e a c h in g  a peak  a t  5 days a f t e r  i n f e c t i o n .  By 7 
days c o n c e n t r a t io n s  w ere f a l l i n g ,  a l th o u g h  mo S t  were s t i l l  
e l e v a t e d  when compared w i t h  p r e - i n f e c t i o n  c o n c e n t r a t i o n s ,  b u t  
b y  11}. days a f t e r  i n f e c t i o n  th e  p r o t e i n  c o n c e n t r a t io n s  had  
f a l l e n  to  a l e v e l  s l i g h t l y  lo w e r  than t h a t  p r e v a i l i n g  a t  th e  
t im e o f  i n f e c t i o n .  The u n i n f e c t e d  c o n t r o l  c h ic k e n s  show ed  
c o n s id e r a b le  v a r i a t i o n  in  p r o t e i n  c o n c e n t r a t io n  o v e r  th e  2 
week p e r i o d ,  b u t  v /ith  no o v e r a l l  i n c r e a s e  o r  d e c r e a s e  a p p a r e n t .
3. S ig n s  o f  R e s p ir a t o r y  D i s t r e s s .
/ ' ■' ■ ■ ^
The i n t r a n a s a l  i n o c u l a t i o n  o f  c h ic k e n s  w ith  IBV-41 in d u c e d  
s i g n s  o f  r e s p i r a t o r y  d i s t r e s s  f i r s t  a p p a ren t  a t ~3 days a f t e r  
i n f e c t i o n  and p e r s i s t i n g  f o r  i+ -  5 d a y s .  They i n c l u d e d  s n e e z i n g ,  
n a s a l  and o c u la r  d irscharge and d y sp n oea . In  c o n t r a s t ,  IBV s t r a i n  
HVI-9 p ro d u ced  an e n t i r e l y  s u b - c l i n i c a l  i n f e c t i o n  w i t h  no  
r e s p i r a t o r y  s i g n s  b e in g  o b se r v e d .
H i s t o p a t h o l o g i c a l  C hanges.
B oth  IBV s t r a i n s  HVI-9 and IBV-41 in d u c e d  marked m ic r o s c o p i c  
l e s i o n s  in  th e  u p p er  r e s p i r a t o r y  t r a c t  ( f i g u r e s  32 -  3 7 )  v / i th  
IBV—1+1 p r o d u c in g  th e  m ost s e v e r e  r e a c t i o n .  H i s t o p a t h o l o g i c a l  ' 
changes w ere f i r s t  s e e n  i n  th e  r e s p i r a t o r y  p a r t  o f  th e  n a s a l
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F ig u r e  Changes in  th e  p r o t e i n  c o n c e n t r a t io n  o f  n a s a l
s e c r e t i o n s  from grou p s o f  6 c h ic k e n s  t h a t  h ad
"been i n f e c t e d  w i t h  IBV s t r a i n  HVI-9 (©----- ® ) o r
l e f t  as  u n i n f e c t e d  c o n t r o l s  ( O— O ) .  Each p o i n t  
r e p r e s e n t s  th e  mean v a lu e  i  SE.
\
X
■\
t u r b in a t e s  a t  1 day a f t e r  i n f e c t i o n  and in .  th e  u p p er  t r a c h e a  
b y  2 d a y s . L e s io n s  in  th e  lo w e r  t r a c h e a  and b r o n c h i  w ere o f t e n  
se e n  a f t e r  IBV-1+1 i n f e c t i o n  b u t  w ere l e s s  f r e q u e n t  f o l l o w i n g  
i n f e c t i o n  v / ith  s t r a i n  HVI-9* In th e  e a r l y  s t a g e s  o f  i n f e c t i o n  
l e s i o n s  te n d e d  to  remain l o c a l i s e d ,  p a r t i c u l a r l y  in  th e  c a s e  
o f  s t r a i n  H VI-9. A common o c c u r r e n c e  was f o r  one p a r t  o f  a 
t r a c h e a l  s e c t i o n  to  e x h i b i t  marked p a t h o l o g i c a l  c h a n g e s ,  w h i l s t  
th e  re m a in in g  p a r t s  a p p eared  e n t i r e l y  norm al. S i m i l a r l y ,  In th e  
n a s a l  t u r b i n a t e s ,  p a r t s  o f  th e  co n ca v e  e p i t h e l i a l  s u r f a c e  
f r e q u e n t l y  c o n t a in e d  l e s i o n s ,  w h i l s t  su r r o u n d in g  a r e a s  a p p eared  
to  b e  u n a f f e c t e d .
The c e l l u l a r  r e a c t i o n s  o f  th e  n a s a l  t u r b in a t e  and t r a c h e a l  
e p i t h e l i u m  to  IBV i n f e c t i o n  were s i m i l a r .  At 1 -  2 days a f t e r  
i n f e c t i o n  v / i th  IB V -M , t h e r e  was a marked i n f i l t r a t i o n  o f  
m on onu clear  c e l l s ^ i n t o  th e  sub-m ucosa and a ro u n d in g  up and  
s lo u g h in g  o f f  o f  th e  c i l i a t e d  e p i t h e l i a l  c e l l s .  Numerous 
polym orphs were se e n  c l o s e  to  th e  e p i t h e l iu m  and some oedema 
was “a p p a r e n t .  By 3 -  l+ days th e  lym p h oid  i n f i l t r a t i o n  was 
i n t e n s e  w ith  th e  sub-m ucosa much t h ic k e n e d .  The mucus g la n d s  
v/ere a lm o s t  c o m p le te ly  o b l i t e r a t e d  in  th e  m ost s e v e r e l y  a f f e c t e d  
p a r t s  and e p i t h e l i a l  h y p e r p l a s i a  was f r e q u e n t l y  s e e n .  H owever,  
b y  7 -  *10 days a marked r e d u c t io n  in  s e v e r i t y  was a p p a r e n t  w i t h  
r e p a r a t io n  in  an ad van ced  s t a t e .  •
I n f e c t i o n  w i t h  IBV s t r a i n  HVI-9 p ro d u ced  a s i m i l a r  h i s t o l o g i c a l  
r e s p o n s e  e x c e p t  t h a t  t h e r e  was l e s s  e p i t h e l i a l  d i s r u p t i o n  and  
no e p i t h e l i a l  h y p e r p l a s i a  was o b se r v e d .  *
By 12 -  11+ days a f t e r  i n f e c t i o n  th e  mucous . membranes o f  th e  • 
n a s a l  t u r b in a t e  and t r a c h e a  ap p ea red  to  have l* u l ly  r e c o v e r e d .
F ig u r e  3 2 . N a s a l  t u r b in a t e  2 days a f t e r
i n f e c t i o n  w i t h  IBV -41. ( x  1 6 0 ) .
F ig u r e  33* N a s a l  t u r b in a t e  2 days a f t e r
i n f e c t i o n  w i t h  IBV-1+-T. ( x  4 0 0 ) .
F ig u r e  34* T rachea  2 days a f t e r  i n f e c t i o n  
w i t h  IBV -41. ( x  1 60 ) .
•n - / ;  • V\ft * •>*.. *y ■ *
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F ig u r e  35 . N a s a l  t u r b in a t e  4  days a f t e r
i n f e c t i o n  with. I  BY s t r a i n  HVI-9. 
( x  1 6 0 ) .
F ig u r e  3 6 . T rachea 3 days a f t e r  i n f e c t i o n  
w i t h  I B V - s t r a in  H V I-9 . ( x  1 6 0 ) .
F ig u r e  37# T rachea 12 days a f t e r  i n f e c t i o n  
w it h  IBV s t r a i n  HVI-9. ( x  1 6 0 ) .

However, numerous p lasm a  c e l l s  c o u ld  s t i l l  be  o b s e r v e d  j u s t  
be low  t h e  e p i t h e l i a  and l a r g e  f o l l i c l e s  o f  ly m p ho id  c e l l s  were  
Commonly seen  i n  t h e  l a m in a  p r o p r i a .  These  ly m p h o id  a g g r e g a t e s ,  
w hich  g e n e r a l l y  c o n t a i n e d  1 o r  more g e rm in a l  c e n t r e s ,  p e r s i s t e d  
f o r  l o n g  a f t e r  t h e  i n f e c t i o n  h a d  s u b s i d e d .
Once a b i r d  h a d  r e c o v e r e d  from i n f e c t i o n  w i t h  e i t h e r  s t r a i n  o f  
IBV, i t  was r e s i s t a n t  to  r e - i n f e c t i o n .  H i s t o l o g i c a l  e x a m in a t io n  
o f  t h e  r e s p i r a t o r y  t i s s u e s  f rom  s u c h  a n im a l s  a t  v a r i o u s  t im e s  
a f t e r  c h a l l e n g e  showed no p a t h o l o g i c a l  c h an g e s ,  a l t h o u g h  d i s c r e t e  
ly m p h o id  n o d u l e s ,  p r e s u m a b ly  r e s u l t i n g  f rom t h e  p r i m a r y  i n f e c t i o n ,  
were  f r e q u e n t l y  s e e n .
5. Serum A n t ib o d y  R esponse .
Serum a n t i b o d y  r e s p o n s e  o f  a g ro up  o f  6 c h ic k e n s  i n f e c t e d  w i t h  
HVI-9 i s  shown in  f i g u r e  38. A n t ib o d y  c o n c e n t r a t i o n s  p r o g r e s s i v e l y  
i n c r e a s e d  to  r e a c h  maximum v a l u e s  b y  -  5 weeks.
E x p e r im e n t s  on t h e  R esponse  o f  t h e  Chicken to  L iv e  o r  I n a c t i v a t e d  
V i r u s .
The deve lopm ent  o f  VN a n t i b o d y  a c t i v i t y  i n  t h e  se rum  and  n a s a l  
s e c r e t i o n s  was examined a f t e r  v a c c i n a t i o n  w i t h  l i v e  o r  i n a c t i v a t e d  
AIB v i r u s  f o l l o w e d  b y  c h a l l e n g e .
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D a y s  a f t e r  in f e c t i o n
Serum a n t i b o d y  r e s p o n s e  o f  6 c h i c k e n s  f o l l o w i n g  
i n f e c t i o n  w i t h  IBV s t r a i n  HVI-9. G e o m e t r i c  mean 
t i  t r e s  £  SE a r e  shown.
1. S e q u e n t i a l  Development  o f  VN A n t ib o d y  i n  Chickens  F o l lo w in g
C h a l l e n g e  w i t h  Homologous V i r u s .
T hree  g ro u p s  o f  4 ,  1 2 - w e e k - o ld  c h ic k e n s  were u se d .  One g roup  was 
l e f t  u n t r e a t e d  (g ro u p  A),  one was i n f e c t e d  i n t r a n a s a l l y  w i t h  
IBV s t r a i n  HVI-9 (g ro u p  B) and t h e  r e m a in d e r  was i n o c u l a t e d  i n t r a ­
m u s c u l a r l y  w i t h  an i n a c t i v a t e d  IBV v a c c i n e  (g ro u p  C). Fo u r  weeks 
l a t e r  g ro u p  C c h ic k e n s  r e c e i v e d  a f u r t h e r  dose  o f  i n a c t i v a t e d  
v a c c i n e  and a f t e r  a f u r t h e r  2 weeks a l l  c h ic k e n s  were  c h a l l e n g e d  
i n t r a n a s a l l y  w i t h  s t r a i n  HVI-9. Serum and  n a s a l  s e c r e t i o n s  were  
c o l l e c t e d  r e g u l a r l y  t h e r e a f t e r .  P o o l s  o f  serum and n a s a l  s e c r e t i o n s  
were  p r e p a r e d  from t h e  m a t e r i a l  c o l l e c t e d  from i n d i v i d u a l  c h ic k e n s  
i n  e ac h  g roup  and t h e  p o o l s  a s s a y e d  f o r  VN a c t i v i t y .  Each  pool',  
was a s s a y e d  a t  l e a s t  tw ic e  and t h e  g e o m e t r i c  mean v a l u e  was 
c a l c u l a t e d .
The deve lopm en t  o f  VN a n t i b o d y  a c t i v i t y  in  t h e . s e r a  and  n a s a l  
s e c r e t i o n s  o f  t h e  g ro u p s  i s  i l l u s t r a t e d  in  f i g u r e  39. F o l l o w i n g  
c h a l l e n g e ,  t h e  u n t r e a t e d  c o n t r o l  c h ic k e n s  (g ro u p  A) showed a 
g r a d u a l  i n c r e a s e  i n  serum a n t i b o d y  c o n c e n t r a t i o n ,  a p p a r e n t l y  
r e a c h i n g  a maximum a t  21 days a f t e r  c h a l l e n g e .  VN a n t i b o d y  
a c t i v i t y  i n  n a s a l  s e c r e t i o n s  showed a more r a p i d ,  b u t  l e s s  
p r o l o n g e d  r e s p o n s e  w i t h  low c o n c e n t r a t i o n s  b e i n g  d e m o n s t r a t e d  
f rom  7 - 1 7  days a f t e r  c h a l l e n g e .  From 21 days onw ards ,  ho w ever ,
VN a c t i v i t y  h a d  a l l  b u t  d i s a p p e a r e d  from t h e  n a s a l  s e c r e t i o n s .
When c h a l l e n g e  was p r e c e d e d  by  e i t h e r  p r e v i o u s  i n f e c t i o n  w i t h  
v i r u s  (g ro u p  B) o r  p a r e n t e r a l  im m u n isa t io n  w i t h  an i n a c t i v a t e d ,  
v i r u s  v a c c in e  (g ro u p  C),  a r e s p o n s e  o f  g r e a t e r  m a g n i tu d e  o c c u r r e d  
i n  t h e  serum and  n a s a l  s e c r e t i o n s .  In  b o t h  c a se s  t h e  se rum  VN 
a n t i b o d i e s  i n c r e a s e d  i n  c o n c e n t r a t i o n  so t h a t  b y  lU . 'days t h e i r
F i g u r e  39* VN t i t r e s  o f  s e r a  and  n a s a l  s e c r e t i o n s  from
g ro u p s  o f  U c h ic k e n s  f o l l o w i n g  c h a l l e n g e  w i t h  
IBV s t r a i n  HVI-9* Group A a n im a ls  were  
p r e v i o u s l y  u n t r e a t e d ,  group  B h a d  been  i n f e c t e d  
6 weeks p r e v i o u s l y  w i t h  IBV s t r a i n  HVI-9 and 
g rou p  C h a d  r e c e i v e d  an i n a c t i v a t e d  IBV v a c c i n e  
a t  2 and  6 weeks p r i o r  to  c h a l l e n g e .  Serum and  
n a s a l  s e c r e t i o n  p o o l s  v/ere p r e p a r e d  f rom  sam p les  
c o l l e c t e d  on e a c h  o c c a s i o n  and  t h e  p o o l s  
a s s a y e d  f o r  VN a c t i v i t y .  Each  p o o l  was a s s a y e d  
a t  l e a s t  tw ic e  and  t h e  g e o m e t r i c  mean v a lu e  
g i v e n .
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Days a f t er  chal lenge
NI v a l u e s  were  in  e x c e s s  o f  5 . 5  and t h e s e  h i g h  c o n c e n t r a t i o n s  
were m a i n t a i n e d  th r o u g h o u t  t h e  e x p e r im e n t .
N a sa l  s e c r e t i o n s  from g rou p  B c h ic k e n s  showed th e  g r e a t e s t  r e s p o n s  
to  c h a l l e n g e  w i t h  h i g h  c o n c e n t r a t i o n s  o f  VN a n t i b o d y  b e i n g  
d e m o n s t r a t e d  from 9 - 2 1  days a f t e r  c h a l l e n g e .  The c h i c k e n s  
a d m i n i s t e r e d  i n a c t i v a t e d  v i r u s  v a c c i n e  r e s p o n d e d  to  c h a l l e n g e  
w i t h  a p r o g r e s s i v e  i n c r e a s e  in  VN a c t i v i t y  o f  t h e  n a s a l  s e c r e t i o n s  
which  r e a c h e d  a maximum a t  12 days and t h e r e a f t e r  d e c l i n e d .
2. S e q u e n t i a l  Developm ent  o f  VN A n t ib o d y  i n  C h ickens  F o l l o w i n g  . 
C h a l l e n g e  w i t h  H e t e r o l o g o u s  V i r u s .
Seven ,  8 - w e e k - o l d  c h ic k e n s  were i n f e c t e d  i n t r a n a s a l l y •w i t h  IBV 
s t r a i n  HVI-9 and c h a l l e n g e d  by  th e  same r o u t e  6 weeks l a t e r  
w i t h  IBV-i+1. N a sa l  s e c r e t i o n s  were c o l l e c t e d  j u s t  p r i o r  to  and  
p e r i o d i c a l l y  a f t e r  c h a l l e n g e .  The n a s a l  s e c r e t i o n s  o f  2 c h i c k e n s  
were i n d i v i d u a l l y  exam ined  f o r  VN a n t i b o d y  a c t i v i t y ,  w h i l s t  t h e  
r e m a in in g  5 sam ples  were p o o l e d  and th e  p o o l  was t e s t e d .
The amounts o f  VN a n t i b o d y  a c t i v i t y  fo u n d  i n  t h e  n a s a l  s e c r e t i o n s  
a r e  shown i n  f i g u r e  hO. The r e s p o n s e  c u r v e s - f o r  t h e  s e c r e t i o n s  
f rom i n d i v i d u a l  c h ic k e n s  and f o r  t h e  p o o l e d  s e c r e t i o n s  a l l  showed 
a s i m i l a r  p r o f i l e .  T here  was o n l y  a s l i g h t  i n c r e a s e  i n  t i t r e  up 
to  k  days p o s t - c h a l l e n g e  b u t  t h e n ,  be tw een  days U and  6 , t h e r e  
was a marked r i s e  w i t h  t i t r e s  r e a c h i n g  a p e a k  b y  7 days a n d  then  
f a l l i n g . b a c k  s l i g h t l y  a t  10 days .  By 1h days t h e  i n d i v i d u a l  
s e c r e t i o n s  e i t h e r  r e m a in e d  un c h an g e d  o r  h a d  d e c r e a s e d  i n  t i t r e  
s l i g h t l y ,  w h i l s t  t h e  p o o l e d  s e c r e t i o n s  showed a s l i g h t  r i s e .
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.  VN t i  t r e s  o f  n a s a l  s e c r e t i o n s  from 7 c h i c k e n s  
t h a t  h a d  been  i n f e c t e d  w i t h  IBV s t r a i n  HVI-9 
and  c h a l l e n g e d  6 weeks l a t e r  w i t h  IBV-l+i* The 
n a s a l  s e c r e t i o n s  o f  2 c h ic k e n s  .(1 and  2 ) v/ere 
a s s a y e d  i n d i v i d u a l l y ,  w h i l s t  t h e  r e m a i n d e r  •
(3  — 7)  were  p o o l e d  and  t h e  p o o l  a s s a y e d .  Each  
sam ple  was a s s a y e d  a t  l e a s t  tw ic e  a n d  t h e  g e o m e t r i  
mean v a l u e  g iv e n .
Developm ent  o f  R e s i s t a n c e  o f  th e  R e s p i r a t o r y  T r a c t  F o l lo w in g
E xp o su re  to  V i r u s .
T h ree  g ro u p s  o f  6 ,  8 - w e e k - o l d  c h ic k e n s  were u s e d .  One g ro up  v/as 
l e f t  u n t r e a t e d  (g ro u p  A), one was i n f e c t e d  i n t r a n a s a l l y  w i t h  
IBV s t r a i n  HVI-9 (g ro u p  B) and t h e  l a s t  group  was a d m i n i s t e r e d  
an i n a c t i v a t e d  IBV v a c c i n e  i n t r a m u s c u l a r l y  (g ro u p  C). F o u r  weeks 
l a t e r  g roup  C c h ic k e n s  were  a d m i n i s t e r e d  a f u r t h e r  dose  o f  IBV 
v a c c i n e .  At 14 weeks o f  age  a l l  c h ic k e n s  were  c h a l l e n g e d  i n t r a -  
n a s a l l j r  v / i th  s t r a i n  HVI-9*
The number o f  c h ic k e n s  e x c r e t i n g  v i r u s  d u r i n g  t h e  days 
f o l l o w i n g  c h a l l e n g e  i s  i l l u s t r a t e d  in  f i g u r e  Ut. The c o n t r o l  
c h ic k e n s  a l l  e x c r e t e d  v i r u s  f o r  a t  l e a s t  8 days f o l l o w i n g  
c h a l l e n g e  and 2 o u t  o f  6 y i e l d e d  v i r u s  on t h e  e l e v e n t h  day. In
c o n t r a s t ,  t h e  b i r d s  p r e v i o u s l y  e x p o se d  to  i n f e c t i o u s  v i r u s
p r o v e d  to  be  r e f r a c t o r y  to  c h a l l e n g e ,  w i t h  o n l y  1 c h ic k e n  
e x c r e t i n g  v i r u s  a t  2 and  3 days p o s t - c h a l l e n g e .  The i n a c t i v a t e d  
v i r u s  v a c c i n e  r e c i p i e n t s  a p p e a r e d  to  b e  l a r g e l y  s u s c e p t i b l e  to  
c h a l l e n g e  w i t h  t h e  m a j o r i t y  o f  c h ic k e n s  e x c r e t i n g  v i r u s  d u r i n g  
t h e  f i r s t  few d ays .  However, a t  6 -  8 days a f t e r  c h a l l e n g e ,
p r o g r e s s i v e l y  f e w e r  c h ic k e n s  were  e x c r e t i n g  v i r u s  compared to
t h e  t 0 0 $  e x c r e t i o n  l e v e l  shown b y  t h e  c o n t r o l s .
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+1. E x c r e t i o n  o f  v i r u s  f o l l o w i n g  c h a l l e n g e  w i t h  
IBV s t r a i n  HVI-9 o f  g roups  o f  6 c h ic k e n s  t h a t  
h a d  been  l e f t  as  u n t r e a t e d  c o n t r o l s  (g r o u p  A),  
p r e v i o u s l y  i n f e c t e d  w i t h  IBV s t r a i n  HVI-9 (g ro u p  
B) ,  o r  a d m i n i s t e r e d  an i n a c t i v a t e d  IBV v a c c i n e  
. (g ro u p  C)»
Lj * i t  jjj l i
E v id e n c e  f o r  T r a n s u d a t i o n  o f  Serum A n t ib o d y  to  t h e  R e s p i r a t o r y
T r a c t  Mucosa,
1. The E f f e c t  o f  P a s s i v e  Im m u n isa t io n  and  C o n c u r re n t  I n f e c t i o n  
w i t h  IBV,'
Two g ro u p s  o f  3, 8 - w e e k - o l d  c h ic k e n s  ( g ro u p s  A and B) were  
a d m i n i s t e r e d  6 ml a n t i s e r u m  to IBV s t r a i n  HVI-9 i n t r a v e n o u s l y  
and one o f  t h e s e  g ro u p s  (g ro u p  B ) ,  a lo n g  w i t h  a s i m i l a r  g roup  
t h a t  d i d  n o t  r e c e i v e  any a n t i s e r u m  (g ro u p  C), were  i n f e c t e d  
i n t r a n a s a l l y  w i t h  s t r a i n  HVI-9.
The c o n c e n t r a t i o n s  o f  VN a n t i b o d y  d e m o n s t r a t e d  i n  t h e  n a s a l  
s e c r e t i o n s  and s e r a  c o l l e c t e d  f rom t h e s e  c h ic k e n s  a t  v a r i o u s  
t im e s  f o l l o w i n g  p a s s i v e  im m u n isa t io n  and  i n f e c t i o n  i s  g i v e n  in  
t a b l e  3 .  A l l  s e r a  c o l l e c t e d  from c h ic k e n s  t h a t  h a d  r e c e i v e d  IBV 
a n t i s e r u m  e x h i b i t e d  h i g h  c o n c e n t r a t i o n s  o f  VN a n t i b o d y  a t  b o t h  
■1 and  5 days p o s t - i n o c u l a t i o n ,  w h e reas  s e r a  t a k e n  from  n o n -  . 
p a s s i v e l y  immunised c h ic k e n s  d i d  n o t  p o s s e s s  a n t i b o d y  a c t i v i t y .
VN a c t i v i t y  i n  t h e  n a s a l  s e c r e t i o n s  a p p e a r e d  to  b e  r a t h e r  v a r i a b l e  
w i t h  some e x h i b i t i n g  no a c t i v i t y  w h a t s p e v e r  and o t h e r s  low 
l e v e l s  o f  a c t i v i t y .  Of t h e  IBV a n t i s e r u m  r e c i p i e n t s ,  o n l y  t h e  
g roup  i n f e c t e d  w i t h  v i r u s  showed any more than  a t r a c e  o f  
a c t i v i t y  and  t h i s  o c c u r r e d  m a in ly  from  2 — 9 days p o s t —i n o c u l a t i o n  
The g roup  i n f e c t e d  w i t h  v i r u s  i n  t h e  a b se n c e  o f  p a s s i v e l y  
a c q u i r e d  a n t i b o d y  showed v e r y  s l i g h t  VN a c t i v i t y  i n  some 
s e c r e t i o n s  a t  5 — 9 days p o s t - i n f e c t i o n .
4 * ’
T a b le  3* VN t i t r e s  o f  s e r a  and  n a s a l  s e c r e t i o n s  f o l l o w i n g  p a s s i v e  
im m u n isa t io n  (g ro u p  A),  p a s s i v e  im m u n isa t io n  §nd 
c o n c u r r e n t  i n f e c t i o n  w i t h  IBV (g ro u p  B) and  i n f e c t i o n  
w i t h  IBV a lo n e  (g ro u p  C).
Group Chicken 
number
VN a c t i v i t y  (d a y s  a f t e r  p a s s i v e  im m u n i s a t i o n )
~~ 0 1 2 5 . - 6 9
Sa Nb s N ■s N s N s  • N S N
A 1 _c od 2 5 .0 0 — 0 £ 5 .0 0 . 2 — 0 - 0 . 4
2 - 0 k+7 0 - 0 2 5 .0 0 - 0 - 0
3 - 0 ;a5.0 0 - 0 . 4 *U8 o.U - 0 — 0
B 4 - 0 0 . 4 - 0 . 8 25.0 0 . 8 - 0 . 5 - 1 . 2
5 - 0 4 . 2 0 - 0 4 . 5  0 . 14. — ■ 0 — ■' 0 . 2
6 - 0 . 2 &5.0 0 — 0 . 5 W 5 0 . 7 T 0 . 2 - 1 . 0
C 7 — 0 0 . 5 0 — 0 0 . 3 0 . 4 — 0 . 4 — 1 . 0
8 - 0 . 2 0 0 - 0 . 2 0 o . 3 — 0 . 5 - 0 . 5
9 - 0 0 . 2 0 — 0 0 0 - 0 - 0 . 4
a:  Serum
h :  N a s a l  s e c r e t i o n s  
c: N o t  t e s t e d  
d: N e u t r a l i s a t i o n  i n d e x
i
2 jl The E f f e c t  o f  A c t i v e  Im m unisa t  ion  wi t h  • In  a c t  i  va t  ed  N'DV
V a cc in e  and  S u b s e q u e n t  I n f e c t i o n  w i t h  IBV.
T h re e ,  8—w e e k - o ld  c h ic k e n s  were* g iv e n  3 do ses  o f  an i n a c t i v a t e d  
NDV v a c c i n e  a t  1 0 -d ay  i n t e r v a l s .  T hree  weeks a f t e r  t h e  f i n a l  
dose  t h e  c h ic k e n s  were i n o c u l a t e d  i n t r a n a s a l l y  w i th ' I B V  s t r a i n  
HVI-9.
The HI a c t i v i t y  d e m o n s t r a t e d  in  s e r a  and  n a s a l  s e c r e t i o n s  
c o l l e c t e d  from t h e s e  c h ic k e n s  a t  v a r i o u s  t im es  f o l l o w i n g  
i n f e c t i o n  i s  g iv e n  in  t a b l e  4 -  A l l  3 c h ic k e n s  h a d  h i g h  concen­
t r a t i o n s  o f  a n t i b o d y  i n  t h e i r  s e r a ,  b u t  no HI a c t i v i t y  was 
d e m o n s t r a t e d  i n  any  o f  t h e  sam p le s  o f  n a s a l  s e c r e t i o n s  which  
were  examined*
In  V i t r o  D e m o n s t r a t io n  o f  R e s i s t a n c e  o f  th e  R e s p i r a t o r y  T r a c t .
T r a c h e a l  e x p l a n t s  p r e p a r e d  f rom c h ic k e n s  k i l l e d  6 weeks a f t e r  
t h e y  h a d  been  i n f e c t e d  w i t h  v i r u s  a t  3 weeks o f  a g e ,  f rom 
u n t r e a t e d  c h ic k e n s  o f  t h e  same age and  from c h ic k e n s  r e n d e r e d  
p a s s i v e l y  immune by  th e  i n t r a v e n o u s  i n o c u l a t i o n  o f  2 ml a n t i s e r u m  
to  IBV-41 2k  hou£& b e f o r e  t h e y  were  k i l l e d ,  v/ere u s e d ' t o  s t u d y  
r e s i s t a n c e  to  IBV i n f e c t i o n  i n  v i t r o .
1. Assay  o f  V i r u s  i n  T r a c h e a l  E x p l a n t s  f rom C hickens  Immunised  
A g a i n s t  AIB.
a )  E x p e r im e n t  1.
The r e s u l t s  o f  a s s a y i n g  -the s t o c k  s u s p e n s io n  o f  IBV-i+1 i n  s e t s  
o f  t r a c h e a l  e x p l a n t s  d e r i v e d  f rom u n t r e a t e d ^ c h i c k e n s  (g r o u p  A) 
and  from  c h ic k e n s  p r e v i o u s l y  i n f e c t e d  w i t h  IBV-41 ( g ro u p  B)
T a b le  4 .  NDV HI t i t r e s  o f  s e r a  and  n a s a l  s e c r e t i o n s  from 
c h ic k e n s  v a c c i n a t e d  a g a i n s t  NDV and  s u b s e q u e n t l y  
i n f e c t e d  w i t h  IBV* .
Chi cken 
number
HI t i t r e s (d ay s  a f t e r  IBV i n f e c t i o n )
0 3 5 6 - 11
sa n5 S N S: „ N • S N S N
1 512 <2 1024 <=2 256 <2 - c <2 512 <2
2 2048 <2 1024 <2 2048 <2 <2 . 2048 <2
3 1024 <2 512 <2 512 <2 <2 1024 <2
a:  Serum
.b>: N a s a l  s e c r e t i o n s  
c: Not  t e s t e d
i
a r e  shown i n  t a b l e  5* The v i r u s  t i t r e s  in  th e  s e t s  o f  e x p l a n t s  
f rom  p r e v i o u s l y  i n f e c t e d  c h ic k e n s  were  s i g n i f i c a n t l y  l o w e r  
( p < 0 . 001)  than  were  f o u n d  i n  t h e  e x p l a n t s  from u n t r e a t e d  
c h i c k e n s .
b )  E x p e r im e n t  2. .
S i m i l a r  v i r u s  t i t r e s  w e re  o b t a i n e d  in  e x p l a n t s  f rom u n t r e a t e d  
c h i c k e n s  (g ro u p  C) apd from p a s s i v e l y  immune ,c h i c k e n s  ( g r o u p  B ) , 
b u t  in  e x p l a n t s ,  f rom  c h ic k e n s  p r e v i o u s l y  i n f e c t e d  w i t h  IBV-41 
(g ro u p  E) s i g n i f i c a n t l y  l o w e r  t i t r e s  ( p < 0 . 0 l )  were  fo u n d  
( t a b l e  6 ) .  B o th  t h e  c h ic k e n s  p r e v i o u s l y  i n f e c t e d  w i t h  v i r u s  
and  th e  p a s s i v e l y  immune c h ic k e n s  p o s s e s s e d  s i m i l a r  c o n c e n t r a t i o n s
i  _ ■
o f  c i r c u l a t i n g  a n t i b o d y .
In  t h e s e  e x p e r i m e n t s ,  no d i f f e r e n c e s  i n  c i l i a r y  a c t i v i t y  were  
o b s e r v e d  in  t r a c h e a l  e x p l a n t s  from u n t r e a t e d ,  p r e v i o u s l y  
i n f e c t e d ,  o r  p a s s i v e l y  immune c h i c k e n s .
2. V i r u s  Growth S t u d i e s  i n  T r a c h e a l  E x p l a n t s .
IBV grov/th  was s t u d i e d  i n  t r a c h e a l  e x p l a n t s  d e r i v e d  f rom  6 
c h ic k e n s  t h a t  had  been  p r e v i o u s l y  i n f e c t e d  w i t h  IBV-41 and  
f rom  6 u n t r e a t e d  c o n t r o l  c h i c k e n s .  The g r o w t h r c u r v e s  ( f i g u r e  42)  
show t h a t  v i r u s  r a p i d l y  i n c r e a s e d  i n  t i t r e  in  b o t h  s e t s  o f  
e x p l a n t s  d u r in g  ' the  f i r s t  16 h o u r s ,  r e a c h e d  a maximum b y  24 
h o u r s  and e i t h e r  r e m a in e d  un c h an g e d  o r  h a d  d e c l i n e d  s l i g h t l y  by  
48 h o u r s .  However,  t h r o u g h o u t  t h e  g ro w th  c y c l e  v i r u s  c o n ce n ­
t r a t i o n  was c o n s i s t e n t l y  lo w e r  i n  t h e  e x p l a n t s  d e r i v e d  from 
t h e  c h ic k e n s  p r e v i o u s l y  i n f e c t e d  w i t h  v i r u s ,  w i t h  t h e  d i f f e r ­
ences  i n  t i t r e  r a n g i n g  from 2 . 0  — 2 . 5  log^d* EID^q pe** nil.
T a b le  5* A s s a y  o f  IBV i n  t r a c h e a l  e x p l a n t s  f ro m  c h i c k e n s  
p r e v i o u s l y  i n f e c t e d  w i t h  IBV a n d  f ro m  u n t r e a t e d  
c h i c k e n s .
G roup  P r e v i o u s  t r e a t m e n t  
o f  c h i c k e n s
C h ic k e n  n um ber V i r u s t i  t r e a
A None 1 7 . 7
::.2 7 . 3
3 7 . 9
4 7 . 6
5 7 . 8
6 7 . 7
7 7 . 3
mean i .S E 7 . 6 + 0 .0 9
B I n f e c t e d  w i t h 8 6 . 8
IBV 9 '6 .9
10 . 6 . 6
11 6 . 7
12 6 . 3
13 6 . 8
14 7 .1
mean t  SE 6 . 7 '+ 0 . 0 9
t —t e s t :  G roup  A co m p ared  w i t h  B p * 0 .  001
a : lo g ^ Q  CD^q p e r  m l.
v
<•
T a b le  6. Assay  o f  IBV in  t r a c h e a l  e x p l a n t s  and  a n t i b o d y
t i t r e s  o f  s e r a  f rom c h ic k e n s  p r e v i o u s l y  i n f e c t e d  
w i t h  IBV, p a s s i v e l y  immune c h ic k e n s  and  u n t r e a t e d  
c h i c k e n s .
Group P r e v i o u s  t r e a t m e n t  Chicken V i r u s  t i t r e a A n t ib o d y  t i t r e  
o f  c h i c k e n s  number
C • None 15 l . b  * 1 . 0
16  7 . 6  < 1 . 0
17 7 . b  ' < 1 .0
18 7 .8  < 1 . 0
mean £  SE 7 . 6  ± 0*11 < 1 .0
D G iv en  AIB 19 7 . 5  3 . 5
a n t i s e r u m  20 7 . 7  3 .7
21 7 . 8  3 . 2
22 7 . 5  3 . 7
mean i  SE 7 . 6  + 0 .  n  3*5 ± 0 . 1 5
E I n f e c t e d  w i t h  23 6 . 8  3 . 5
IBV 2 b  6 . 6  b .  2
25 7 . 2  3 . 5  '
26  7 .1  b . 0
mean £  SE 6 .9  i  0 . 1 1  3 .8  1  0 . 1  5
A n a l y s i s  o f  v a r i a n c e :
bV i r u s  t i t r e s  o f  g roup  G compared w i t h  D NS;
V i r u s  t i t r e s  o f  g r o u p s  C,D compared w i t h  E p < 0 .0  01
a : l o g lQ CD50 p e r  ml 
b ;  n o t  s i g n i f i c a n t
0 12 24
H o u r s
36 48
F i g u r e  2+2. Growth, o f  IBV i n  t r a c h e a l  e x p l a n t s  f rom
p r e v i o u s l y  u n i n f e c t e d  ( o o ) o r  i n f e c t e d
( q ©) c h i c k e n s .  Each, p o i n t  r e p r e s e n t s  t h e
mean t i t r e  £  SE o f  v i r u s  f rom 6 P e t r i  d i s h  
c u l t u r e s  e a c h  d e r i v e d  f rom  a d i f f e r e n t  a n im a l .
3. E x am in a t io n  o f  T r a c h e a l  E x p l a n t s  f o r  P e r s i s t e n t  V i r u s ,
F l u i d s  from 20 t r a c h e a l  e x p l a n t  r i n g s  I d e r i v e d  from c h ic k e n s  
t h a t  had  been p r e v i o u s l y  i n f e c t e d  w i t h  IBV-i+1 were  examined 
a f t e r  3 days i n c u b a t i o n  f o r  i n f e c t i o u s  v i r u s  by  t h e  I n o c u l a t i o n  
o f  em bryo n a ted  e g g s .  No v i r u s  was d e m o n s t r a t e d .
IMMUNOLOGICAL ANALYSIS OF RESPIRATORY TRACT SECRETIONS
S p e c i f i c i t y  and  N a t u r e  o f  VN A c t i v i t y  o f  R e s p i r a t o r y  T r a c t  
S e c r e t i o n s *
The s p e c i f i c i t y  o f  t h e  VN a c t i v i t y  fo u n d  i n  v a r i o u s  r e s p i r a t o r y  
t r a c t  s e c r e t i o n s  in  t h e  c o u r s e  o f  t h e  p r e s e n t  s t u d y  was 
examined by  comparing  t h e  a c t i v i t y  d i r e c t e d  a g a i n s t  t h e  
homologous v i r u s  w i t h  t h a t  d i r e c t e d  a g a i n s t  a c o m p l e t e l y  
u n r e l a t e d  h e t e r o l o g o u s  v i r u s *  P o o l s  o f  n a s a l  and  t r a c h e a l  
s e c r e t i o n s  were  e a c h  t e s t e d  f o r  n e u t r a l i s i n g  a c t i v i t y  a g a i n s t  
b o t h  IBV and  NDV. To d e m o n s t r a t e  t h a t  t h e  VN a c t i v i t y  fo u n d  
in  t h e  r e s p i r a t o r y  t r a c t  s e c r e t i o n s  was a n t i b o d y  m e d i a t e d ,  
p o o l s  o f  s e c r e t i o n s  were t r e a t e d  w i t h  e i t h e r  i n a c t i v a t e d  
r a b b i t  a n t i - c h i c k e n  g l o b u l i n  serum o r  r a b b i t  p r e - i n o c u l a t i o n  
c o n t r o l  serum and th en  a s s a y e d  f o r  r e s i d u a l  VN a c t i v i t y .  The 
r e s u l t s  a r e  shown i n  t a b l e  7.
i
N a s a l  s e c r e t i o n  VN a c t i v i t y  d i r e c t e d  a g a i n s t  b o t h  IBV and NDV 
and  t r a c h e a l  s e c r e t i o n  VN a c t i v i t y  d i r e c t e d  a g a i n s t  NDV showed 
c o m p le te  s p e c i f i c i t y  i n  t h e i r  r e a c t i o n s *  A l l  showed m arked  
a c t i v i t y  a g a i n s t  t h e  homologous v i r u s ,  b u t  f a i l e d  to  show any 
.VN a c t i v i t y  a g a i n s t  t h e  h e t e r o l o g o u s  v i r u s .  S i m i l a r l y ,  b o t h  
n a s a l  and  t r a c h e a l  a c t i v i t y  was e l i m i n a t e d  by  t r e a t m e n t  w i t h  
r a b b i t  a n t i - c h i c k e n  g l o b u l i n  se rum ,  w hereas  t h e  p r e - i n o c u l a t i o n  
c o n t r o l  serum f a i l e d  to  in d u c e  any s i g n i f i c a n t  r e d u c t i o n  i n  
VN a c t i v i t y .
T a b l e ' 7* S p e c i f i c i t y  o f  and  e f f e c t  o f  r a b b i t  a n t i - c h i c k e n  
g l o b u l i n  se rum  on r e s p i r a t o r y  t r a c t  s e c r e t i o n  VN 
a c t i v i t y .
S e c r e t i o n
p o o l
A n t i ­
v i r a l
a c t i v i t y
AIB-VN t i t r e s a ND-VN t i t r e s ^ 3
U n t r e a t  
- e d
R a b b i t
a n t i -
g lo b .
serum
C o n t r o l
r a b b i t
serum
U n t r e a t  R a b b i t  
- e d  ■ a n t i ­
g l o b ,  
s erum
C o n t r o l
r a b b i t
se rum
N a s a l IBV 3 .8 <t.o 3 .5 <10 • — —
N a s a l NDV <1. 0 -C - ko <io 35
T r a c h e a l NDV < 1 .0 — — 25 <10 20 •••-.
a: N e u t r a l i s a t i o n  i n d e x
b :  R e c i p r o c a l  o f  h i g h e s t  serum d i l u t i o n  t h a t .
n e u t r a l i s e s  NDV i n f e c t i v i t y .  
c: Not  t e s t e d .
I m m u n o l o g i c a l  S p e c i f i c i t y  o f  A b s o r b e d  A n t i s e r a .
R a b b i t  a n t i s e r u m  to  d i a l y s e d  c h ic k en  b i l e  was a b s o r b e d  w i t h
r — '
7 - d a y - o l d  c h i c k  se rum  in  o r d e r  to  r e n d e r  i t  s p e c i f i c  f o r  
c h ic k e n  IgA* To t e s t  i t s  s p e c i f i c i t y ,  t h e  a b s o r b e d  se rum , 
r e f e r r e d  to as a n ^ i - < * ,  was exam ined  by  g e l  d i f f u s i o n  a l o n g s i d e  
a r e f e r e n c e  m o n o s p e c i f i c  a n t i - I g A  serum (R8) and  a r e f e r e n c e  
IgA p r e p a r a t i o n  d e r i v e d  from e g g - w h i t e  (EW8) (R8 and  EW8 .were 
k i n d l y  p r o v i d e d  b y  Dr.  M.E. R ose ,  Houghton P o u l t r y  R e s e a r c h  
S t a t i o n ) .  The r e f e r e n c e  p r e p a r a t i o n s  p ro d u c e d  a s i n g l e  l i n e  
showing co m p le te  i d e n t i t y  when r e a c t e d  t o g e t h e r  o r  w i t h  a n t i - * *  
o r  w i t h  t h e  e x p e r i m e n t a l  IgA p r e p a r a t i o n ,  ( f i g u r e  i+3). In  
• a d d i t i o n  to  t h e  ©(-chain r e a c t i o n ,  an t i - o (  p r o d u c e d  a f u r t h e r  
2 f a i n t  l i n e s  o f  p r e c i p i t a t i o n  when r e a c t e d  a g a i n s t  IgA. The 
a n t i g e n i c  d e te r m in a n t s :  r e s p o n s i b l e  f o r  t h i s  r e a c t i o n  a r e  c l e a r l y  
a b s e n t  f rom norm al  serum s i n c e  a )  a n t i - o (  was e x t e n s i v e l y  
a b s o r b e d  w i t h  c h ic k en  serum and b )  no e q u i v a l e n t  p r e c i p i t a t i o n  
l i n e s  a p p e a r e d  when a n t i - ° <  was r e a c t e d  w i t h  no rm al  c h ic k e n  
serum ( f i g u r e  Ml)*
R a b b i t  a n t i s e r u m  to  c h ic k en  IgG/IgM v/as a b s o r b e d  w i t h  IgG so a s  
to  r e n d e r  i t  m o n o s p e c i f i c  f o r  IgM ( a n t i —^*). To c o n f i r m  i t s  
s p e c i f i c i t y ,  t h e  a n t i s e r u m  was exam ined  by  g e l  d i f f u s i o n  in  t h e  
' p r e s e n c e  o f  a r e f e r e n c e  m o n o s p e c i f i c  a n t i - I g M  serum  and  -a 
r e f e r e n c e  IgM p r e p a r a t i o n ,  b o t h  k i n d l y  p r o v i d e d  by  Dr. P. - P o r t e r  
U n i l e v e r  R e s e a r c h  L a b o r a t o r y ,  C o lw o r th  House,  B e d fo rd .  Yftien 
t e s t e d  o p p o s i t e  t h e  r e f e r e n c e  IgM o r  t h e  e x p e r i m e n t a l  IgM 
p r e p a r a t i o n ,  a n t i - ^ .  and  th e  r e f e r e n c e  a n t i - I g M  se rum  g av e  a 
r e a c t i o n  o f  c o m p le te  i d e n t i t y  ( f i g u r e  1+5). F u r t h e r m o r e ,  a n t i - /A  
p r o d u c e d  o n l y  a s i n g l e  l i n e  when r e a c t e d  w i t h  n o rm a l  c h ic k e n
F i g u r e s  1+3 -  53* Agar  g e l  p r e c i p i t a t i o n  r e a c t i o n s .  The
f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d : -
A n t i - c *  A n t i s e r u m  to  IgA a b s o r b e d  to  remove l i g h t  
c h a in  r e a c t i v i t y .
Anti-y* A n t i s e ru m  to  IgG/M a b s o r b e d  w i t h  IgG t o
remove b o t h  IgG h e a v y  and  l i g h t  c h a in  r e a c t i v i t y .
NCS Normal c h ic k e n  serum.
7dCS' 7 - d a y - o l d  c h ic k en  serum.
SG Serum g l o b u l i n s .
-   B i l e -------- D i a l y s e d  c h ic k e n  b i l e . —----------.—   ----------- :-----  -
NW N a s a l  w ash ing s  ( c o n c e n t r a t e d ) .
TW T r a c h e a l  w a sh in g s  ( u ).
TS T r a c h e a l  s c r a p i n g s  ( " ).
LW Lung w a sh ing s  ( u ) .
TEF T r a c h e a l  e x p l a n t  f l u i d . ( 11 ) .
EW E g g -w h i te  g l o b u l i n  p r e p a r a t i o n .

v  _ •
—N F i g u r e  1+6;
I D J -  IgM
5n D B i l e  5* SG 6. B i l e
^  7* A n t i -y ^
se rum  o r  serum g l o b u l i n s  and  f a i l e d  to  r e a c t  w i t h . e i t h e r  IgA 
o r  b i l e  ( f i g u r e s  1+5 and  1+6) #
D e m o n s t r a t io n  o f  Immunoglobul in  in  S e c r e t i o n s .
In  o r d e r  to  examine im m unoglobul in  c o n t e n t ,  a v a r i e t y  o f  
c o n c e n t r a t e d  body  f l u i d s  were exam ined  b y ' g e l  d i f f u s i o n  u s i n g  
a p p r o p r i a t e  a n t i s e r a . *  F i g u r e s  1+7 — 1+9. show t h e i r  r e a c t i o n s  
w i t h  an a n t i s e r u m  to  IgA (ant i-Q<).  N a s a l ,  t r a c h e a l  and  l u n g  
s e c r e t i o n s ,  b i l e ,  eg g -v /h i te  and  serum  g l o b u l i n s  a l l  r e a c t e d  
show ing  t h a t  t h e y  c o n t a i n e d  IgA* In  a d d i t i o n ,  t h e  t r a c h e a l  and  
l u n g  s e c r e t i o n s  and  e g g -w h i t e  p o s s e s s e d  an a d d i t i o n a l  a n t i g e n i c  
d e t e r m i n a n t  t h a t  gave  r i s e  to  a d i s t i n c t  p r e c i p i t i n  l i n e  on 
t h e  a n t i s e r u m  s i d e  o f  th e  «<-chain r e a c t i o n .  T h is  d e t e r m i n a n t  
was a l s o  d e m o n s t r a t e d  i n  t r a c h e a l  e x p l a n t  f l u i d  i n  t h e  a b s e n c e  
o f  d e m o n s t r a b le  l e v e l s  o f  IgA and  showed a r e a c t i o n  o f  i d e n t i t y
w i t h  t h e  n a s a l  s e c r e t i o n  an d  b i l e  IgA l i n e ,  b u t  a p p e a r e d  t o ---------
c r o s s  o v e r  t h e  se rum  g l o b u l i n  IgA l i n e .  S i n c e  t h i s  a d d i t i o n a l  
component a p p e a r e d  to  be  p r e s e n t  i n  a l l  t h e  s e c r e t i o n s  exam ined  
b u t  a b s e n t  f rom  t h e  serum,, i t  w i l l  s u b s e q u e n t l y  b e  r e f e r r e d  to  
as t h e  s e c r e t i o n  s p e c i f i c  component.
F i g u r e s  50 and 51 show t h e  r e a c t i o n  be tw een  an a n t i s e r u m  to  
IgM (an t i -y * )  and  v a r i o u s  body  f l u i d s .  N a s a l ,  t r a c h e a l  and  l u n g  
s e c r e t i o n s ,  e g g - w h i t e  and  no rm al  c h ic k en  serum a l l  r e a c t e d  w i t h  
a s i n g l e  homologous p r e c i p i t i n  l i n e ,  showing t h a t  t h e y  a l l  
c o n t a i n e d  IgM. The n a s a l  s e c r e t i o n  l i n e ,  ho w ever ,  was r e l a t i v e l y  
weak s u g g e s t i n g  a low IgM c o n t e n t .  B o th  b i l e  a n d  t r a c h e a l  
e x p l a n t  f l u i d  f a i l e d  to  r e a c t  s u g g e s t i n g  t h a t . t h e y  e i t h e r  
l a c k e d  IgM o r  h a d  a very ,  low  IgM c o n t e n t .
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F i g u r e s  52 and  53 show t h e  r e a c t i o n s  be tween  a n t i - I g G  and  • 
v a r i o u s  body f l u i d s .  A homologous r e a c t i o n  w i t h  no s p u r r i n g  
o c c u r r e d  v / i th  n a s a l ,  t r a c h e a l  and  l u n g  s e c r e t i o n s ,  t r a c h e a l  
e x p l a n t  f l u i d  and  s^ rum  g l o b u l i n  i n d i c a t i n g  t h a t  t h e y  a l l  
c o n t a i n e d  IgG. The d i a l y s e d  b i l e  and  s e c r e t o r y  IgA p r e p a r a t i o n ,  
h ow ever ,  b o t h  p r o d u c e d  r e l a t i v e l y  f a i n t  l i n e s  o f  p r e c i p i t a t i o n  
w hich  showed r e a c t i o n s  o f  o n l y  p a r t i a l  i d e n t i t y  w i t h  t h e  IgG 
p r e c i p i t i n  l i n e ,  s u g g e s t i n g  t h a t  t h e y  do n o t  c o n t a i n  IgG and  
t h a t  the  a n t i s e r u m  r e a c t e d  w i t h  t h e  l i g h t  c h a in  component o f  
a n o t h e r  im m un o g lo b u l in ,  p r e s u m a b ly  IgA.
F r a c t i o n a t i o n  o f  T r a c h e a l  S e c r e t i o n s .
A p o o l  o f  t r a c h e a l  w ash ings  t h a t  p o s s e s s e d  ND-VN a c t i v i t y  
( t i t r e  l / 3 0 )  and  in  which  IgA h a d  been  d e m o n s t r a t e d . b y  t h e  g e l  
d i f f u s i o n  t e c h n i q u e ,  was f r a c t i o n a t e d  b y  p a s s a g e  th r o u g h  a 
column o f  S ep hadex  G200. The e l u t i o n  p r o f i l e  i s  shown i n  f i g u r e  
5U. The t r a c h e a l  s e c r e t i o n s  gave  r i s e  to  o n l y  1 p e a k ,  a p p e a r i n g  
j u s t  a f t e r  t h e  v o i d  volume and  c o r r e s p o n d i n g  to  t h e  p o s i t i o n  o f  
IgA/IgM e l u t i o n .  The c o r r e s p o n d i n g  f r a c t i o n s  (19  -  22) were  
p o o l e d  and c o n c e n t r a t e d  by  u l t r a f i l t r a t i o n .  A l l  s u b s e q u e n t  
f r a c t i o n s  (2 3  -  38)  were a l s o  p o o l e d  and s i m i l a r l y  c o n c e n t r a t e d .  
B o th  p o o l s  were  exam ined  f o r  ND-W a c t i v i t y  an d  f o r  t h e  p r e s e n c e  
o f  im m unog lobu l in .  S l i g h t  VN a c t i v i t y  ( t i t r e  1/.10) and  a t r a c e  
o f  IgA was f o u n d - i n  t h e  pool ,  o f  f r a c t i o n s  -19 -  22,  b u t  no 
a c t i v i t y  n o r  im m unoglobulin  c o u l d  b e  d e m o n s t r a t e d  i n  t h e  p o o l  
o f  f r a c t i o n s  23 -  38.
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F i g u r e  5U. E l u t i o n  p r o f i l e  o f  p o o l e d  t r a c h e a l  w a sh in g s  ..
f o l l o w i n g  g e l  f i l t r a t i o n  t h r o u g h  S e p h a d ex  G200,
IV ' DISCUSSION
The m ost  w i d e ly  -used c r i t e r i o n  l o r  a s s e s s i n g  t h e  immune r e s p o n s e  
o f  an an im a l  i s  t h e  measurement  o f  serum a n t i b o d y  c o n c e n t r a t i o n .  
However, i t  h a s  f r e q u e n t l y  been  o b s e r v e d  t h a t  r e s i s t a n c e  to  
i n f e c t i o n  does n o t  alv/ays a p p e a r  to  b e  d i r e c t l y  r e l a t e d  to  t h e  
amount o f  a n t i b o d i e s  In  t h e  se rum , b u t  to  o t h e r  f a c t o r s ,  i n c l u d i n  
t h a t  o f  l o c a l  Immunity  (BankowsWre t  a l . » 1958; Raggi  and  L e e ,  
195&> 1965;  H o f s t a d ,  1961, 1967;  B e a r d  and E a s t e r d a y , 11967;
A l l a n ,  1975; D a v e l a a r  and Kouwenhoven, 197 7 ) .  I n  o r d e r  to  
e v a l u a t e  l o c a l  immunity  In  t h e  r e s p i r a t o r y  t r a c t  o f  t h e  c h i c k e n ,  
s e n s i t i v e  and  r e l i a b l e  methods f o r  exam in ing  t h e  m u l t i p l i c a t i o n  
o f  v i r u s  and  f o r  a s s e s s i n g  t h e  chan ges  t h a t  o c c u r  f o l l o w i n g  t h e  
e x p o s u r e  o f  c h ic k e n s  to  v i r u s  a r e  e s s e n t i a l .
V i r u s  I s o l a t i o n .
I s o l a t i o n  o f  v i r u s  f rom t h e  r e s p i r a t o r y  t r a c t  o f  c h ic k e n s  h a s  
been  w i d e l y  u s e d  to  m o n i t o r  t h e  p r o g r e s s  o f  b o t h  n a t u r a l  and  
e x p e r i m e n t a l l y  i n d u c e d  r e s p i r a t o r y ^  I n f e c t i o n s .  In  t h e  p r e s e n t ,  
s t u d i e s  b o t h  ND and  AIB v i r u s e s  m u l t i p l i e d  f r e e l y  i n  t h e  
" r e s p i r a t o r y  t r a c t  mucosa f o l l o w i n g  t h e  i n t r a n a s a l  a d m i n i s t r a t i o n  
o f  v i r u s  and  c o u ld  b e  i s o l a t e d  f o r  6 — 7 days i n  t h e  c a s e  o f  
t h e  l e n t o g e n i c  s t r a i n s  o f  NDV an d  f o r  8 - 1 2  days i n  t h e  c a s e  
o f  IBVr w i t h  no d i f f e r e n c e s  be tw een  t h e  s t r a i n s  b e i n g  o b s e r v e d .  
T h e s e  f i n d i n g s  c o r r o b o r a t e  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  
w i t h  t h e  e x c e p t i o n  t h a t  i n  some i n s t a n c e s  IBV h a s  been  i s o l a t e d
f o r  up to  k  weeks f o l l o w i n g  i n f e c t i o n  ( F a b r l c a n t  and  L e v i n e ,
195*1; Chang e t  a l . . 1957; Bankowski e t  a l . . 1 9 6 3 ; • H o f s t a d  and 
Y oder ,  1966; B e a r d  and  E a s t e r d a y ,  1967; Cook, 1968; Kono e t  a l . . 
1969; J o n e s  and J o r d a n ,  1972)*
H i s t o p a t h o l o g y .
The main d i s a d v a n t a g e  a s s o c i a t e d  w i t h  t h e  u s e  o f  h i s t o p a t h o l o g y  • 
f o r  a s s e s s i n g  immunity  i n ' t h e  r e s p i r a t o r y  t r a c t  i s  t h a t  t h e  
an im al  m ust  b e  k i l l e d  and can t h e r e f o r e  o n l y  be  exam ined  a t  a 
s i n g l e  s t a g e  o f  i n f e c t i o n .
T here  h a s  been  some c o n t r o v e r s y  r e g a r d i n g  t h e  b a s i c  h i s t o p a t h o -  
l o g i c a l  r e a c t i o n  o f  t h e  c h ic k e n  to  IBV. G a r s i d e  ( 1 9 6 5 ) c o n s i d e r e d  
t h a t  t h e r e  was a d i f f u s e  i n f i l t r a t i o n  o f  t h e  s u b e p i t h e l i a l  and  
d e e p e r  m ucosa l  l a y e r s  w i t h  lym p h o id  c e l l s  and  m acrophages  
r e s u l t i n g  i n  m ucosal  t h i c k e n i n g  and  o b l i t e r a t i o n  o f  mucus g l a n d s .  
F u r t h e r m o r e ,  t h e  a b se n c e  o f  e p i t h e l i a l  h y p e r p l a s i a  was c o n s i d e r e d  
to  b e  a d i f f e r e n t i a l  f e a t u r e  d i s t i n g u i s h i n g  AIB f rom  t h e  o t h e r  
r e s p i r a t o r y  d i s e a s e s .  These  f i n d i n g s  were  c h a l l e n g e d  by  b o t h  
MacDonald and  McMartin (1970)  and  P u r c e l l  and  McFerran (1972)  
who f o u n d  t h a t  e x t e n s i v e  e p i t h e l i a l  h y p e r p l a s i a  was a p r o m in e n t  
f e a t u r e  o f  t h e  h i s t o l o g i c a l  r e a c t i o n  to  i n f e c t i o n  w i t h  IBV w i t h  
' e i t h e r  l i t t l e  o r  no ly m p h o id  i n f i l t r a t i o n  and oedema o r  
c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  i n t e n s i t y  o f  ly m p h o id  i n f i l t r a t i o n .
The h i s t o p a t h o l o g i c a l  f i n d i n g s  r e p o r t e d  h e r e  show how v a r i e d  
t h e  r e s p o n s e  to  d i f f e r e n t  s t r a i n s  o f  IBV can b e .  S t r a i n  IBV-Itf 
p r o d u c e d  some e p i t h e l i a l  h y p e r p l a s i a  and c o n s i d e r a b l e - b u t  
i r r e g u l a r l y  d i s t r i b u t e d  ly m p h o id  i n f i l t r a t i o n "  c l o s e l y  r e s e m b l i n g  
t h e  f in d in g s -  o f  P u r c e l l  and  M cFerran  (1972)  w i t h  f i e l d  s t r a i n
VF70-333* I n f e c t i o n  w i t h  s t r a i n  HVI-9, on th e  o t h e r  hand ,  d i d  
n o t  a p p e a r  to  r e s u l t  i n  e p i t h e l i a l  h y p e r p l a s i a  a l t h o u g h  . i t  
s t i m u l a t e d  c o n s i d e r a b l e  ly m p h o id  i n f i l t r a t i o n ,  a r e a c t i o n •s i m i l a r  
to  t h a t  d e s c r i b e d  by  G a r s i d e  ( 1 9 6 5 ) as b e i n g  t y p i c a l  o f  AIB.
R e s p i r a t o r y  t r a c t  i n f e c t i o n  w i t h  B1 was 1 shown to  r e s u l t  i n  marked 
h i s t o p a t h o l o g i c a l  l e s i o n s  i n  b o t h  t h e  n a s a l  and  t r a c h e a l  m ucosae .  
Developm ent  o f  l e s i o n s  a p p e a r e d  to  c o r r e l a t e  w i t h  v i r u s  m u l t i ­
p l i c a t i o n ,  b o t h  r e a c h i n g  a p e a k  a t  a p p r o x i m a t e l y  3 -  b  days 
a f t e r  i n f e c t i o n ,  b u t  r e d u c i n g  t h e r e a f t e r .  Fo l lowing :  r e c o v e r y  
f rom  e i t h e r  AIB o r  ND v i r u s  i n f e c t i o n ,  t h e  c h ic k e n s  p o s s e s s e d  
a m arked  d e g re e  o f  im m uni ty  and  c o u ld  w i t h s t a n d  c h a l l e n g e  w i t h  
a more v i r u l e n t  s t r a i n  o f  t h e  same v i r u s  a p p a r e n t l y  w i t h o u t  
showing any r e s p i r a t o r y  t r a c t  l e s i o n s .
S ig n s  o f  R e s p i r a t o r y - D i s t r e s s .
Under  e x p e r i m e n t a l l y  c o n t r o l l e d  c o n d i t i o n s  w i t h  SPF c h i c k e n s ,
AIB a p p e a r s  to  b e  r e l a t i v e l y  m i l d  w i t h  a d i s e a s e  s p e c t r u m  r a n g i n g  
f rom  an i n a p p a r e n t  i l l n e s s  to  m o d e r a t e l y  s e v e r e  r e s p i r a t o r y  
d i s t r e s s  depend in g  m a in ly  on t h e  s t r a i n  o f  v i r u s  u s e d  and  t h e  
age  o f  t h e  e x p e r i m e n t a l  c h ic k e n s  (Chang e t  a l . . 1957;  Cook, 1968;  
W i n t e r f i e l d  and  F a d l y ,  1971; Win t e r  f i e l d  e t  a l .  . 1972; B urke  
an d  L u g in b u h l ,  1972;  Jo n e s  and  J o r d a n ,  1972; P u r c e l l  and  M c F e r ran ,  
1 9 7 2 ) .  F o r  u s e  as a c r i t e r i o n  f o r  e v a l u a t i n g  immunity'  i t  i s  
d e s i r a b l e  t h a t  a l l  s u s c e p t i b l e  c h ic k e n s  s h o u l d  show r e a s o n a b l y  
c o n s i s t e n t ,  q u a n t i f i a b l e  r e s p i r a t o r y  s i g n s  so  t h a t  any r e s i s t a n c e  
to  i n f e c t i o n  can be  r e a d i l y  d e t e r m i n e d .  Only t h e  more v i r u l e n t  
s t r a i n s ,  s u c h  as  IBV-lvT, a r e  s u f f i c i e n t l y  p a t h o g e n i c  to  i n d u c e
r e s p i r a t o r y  s i g n s  o f  s u f f i c i e n t  i n t e n s i t y ,  as shown. i n  t h e
p r e s e n t  s t u d y ,  b u t  even t h e s e  may b e  i r r e g u l a r  and  o f  low
f r e q u e n c y  making o b j e c t i v e  q u a n t i t a t i o n  d i f f i c u l t  (Burke  and
L u g i n b u h l ,  1972;  C o r i a ,  1973)» The p r e s e n c e  o f  o t h e r  a v ia n
p a th o g e n s  such  a s  Mycoplasma g a l l i s e p t i c u m  o r  E s c h e r i c h i a  c o l i
o r  p h y s i o l o g i c a l  s t r e s s  due to  p o o r  e n v i r o n m e n t a l  c o n d i t i o n s
may . e x a c e r b a t e  t h e  d i s e a s e  i n  t h e  f i e l d  r e s u l t i n g  i n  i n c r e a s e d
r e s p i r a t o r y  d i s t r e s s  ( A d l e r  e t  a l , . 1962;  W i n t e r f i e l d  and  F a d l y ,
1971; J o r d a n ,  1 9 7 2 ) ,  b u t  to  u s e  s u c h  p a th o g e n s  e x p e r i m e n t a l l y
to  i n c r e a s e  t h e  r e s p o n s e  o f  t h e  c h ic k e n  to  IBV, a l t h o u g h
%
p o s s i b l e  (Timms, 1972)), would  b e  d i f f i c u l t .
The l e n t o g e n i c  v a c c i n a l  s t r a i n s  o f  NOT a r e  b y  d e f i n i t i o n  low  
i n  v i r u l e n c e  a n d ,  i n  t h e  p r e s e n t  s t u d i e s ,  o n l y  NDV-LaSota gave  
r i s e  to  m i l d  s i g n s  o f  r e s p i r a t o r y  d i s t r e s s  in  s u s c e p t i b l e  
c h ic k e n s  s i m i l a r  to  t h a t  d e s c r i b e d  by  L a n c a s t e r  ( 1 9 6 6 ) .
Body- T e m p e ra tu re .
P o t t e r  e t  a l .  (197^} s u c c e s s f u l l y  u s e d  t h e  f e b r i l e  r e s p o n s e  o f
f e r r e t s  to  i n f l u e n z a  v i r u s  a s  a c r i t e r i o n  f o r  ex am in in g  im m uni ty
to  i n f e c t i o n .  The more v i r u l e n t  (m e s o -  and  v e l o g e n i c )  s t r a i n s
o f  NOT h ave  been  r e p o r t e d  to  i n d u c e  m arked  changes  i n  body
t e m p e r a t u r e  i n  c h ic k e n s  ( L a n c a s t e r ,  1 9 6 6 ) b u t  l i t t l e  i n f o r m a t i o n
i s  a v a i l a b l e  r e g a r d i n g  t h e  t e m p e r a t u r e  r e s p o n s e  o f  c h i c k e n s  to
t h e  l e n t o g e n i c  v a c c i n a l  s t r a i n s  o f  NOT. The r e s u l t s  p r e s e n t e d
h e r e  h ave  shown t h a t  w h i l s t  i n f e c t i o n  w i t h  NDV-B1 f a i l e d  to
in d u c e  any f e b r i l e  r e s p o n s e ,  i n f e c t i o n  w i t h  NDV-LaSota p r o d u c e d
a s m a l l  b u t  s t a t i s t i c a l l y  s i g n i f i c a n t  xi s e  In  body  t e m p e r a t u r e .
** -
However, s u c h  a s m a l l  r i s e  i n d i c a t e s  t h a t  m easu rem en t  o f  body  
t e m p e r a t u r e  w ould  be  o f  l i t t l e  p r a c t i c a l  v a l u e  as  a c r i t e r i o n
f o r  e v a l u a t i n g  Immunity to  ND. 
P r o t e i n  in  N a s a l  S e c r e t i o n s .
A number  o f  s t u d i e s  have  r e p o r t e d  on t h e  c o n c e n t r a t i o n  o f  
p r o t e i n  In  s e c r e t i o n s  as a r e s u l t ,  o f  r e s p i r a t o r y  i n f e c t i o n  in  
n o n - a v i a n  a n im a l s .  Thus, Rossen  e t  a l .  (1*965) d e m o n s t r a t e d  t h a t  
C o x sa c k ie  A-21 I n f e c t i o n  In  man i n d u c e d  a s i g n i f i c a n t  r i s e  i n  
t h e  t o t a l  p r o t e i n  c o n c e n t r a t i o n  o f  n a s a l  s e c r e t i o n s  be tw een  
U and  8 days a f t e r  i n f e c t i o n .  S i m i l a r l y ,  i n f l u e n z a  v i r u s  
i n f e c t i o n  o f  s u s c e p t i b l e  f e r r e t s  p r o d u c e d ,  as w e l l  as  a s h a r p  
f e b r i l e  r e s p o n s e ,  v i r u s  e x c r e t i o n  and  an i n c r e a s e  i n  n a s a l  
s e c r e t i o n  a n t i b o d y  c o n c e n t r a t i o n s ,  a 3 - f o l d  o r  g r e a t e r  i n c r e a s e  
In  n a s a l  s e c r e t i o n  p r o t e i n  c o n c e n t r a t i o n  be tw een  days 3 an d  9 
a f t e r  i n f e c t i o n  ( P o t t e r  e t  a l . . 1 9 7 2 a ) .  Immune f e r r e t s ,  on t h e  
o t h e r  h a n d ,  shov/ed no I n c r e a s e  i n  n a s a l  p r o t e i n  c o n c e n t r a t i o n s  
n o r  any f e b r i l e  r e s p o n s e ,  v i i u s  e x c r e t i o n  o r  n a s a l  a n t i b o d y .  
Thus, t h e  c o n c e n t r a t i o n  o f  p r o t e i n  i n  n a s a l  w ash ings  showed a 
c l o s e  c o r r e l a t i o n  w i t h  t h e  o t h e r  c r i t e r i a  more commonly u s e d  
f o r  t h e  a s s e s s m e n t  o f  immunity .
I n  t h e  p r e s e n t  s t u d y  t h e  c o n c e n t r a t i o n  o f  p r o t e i n  i n  n a s a l  
s e c r e t i o n s  from' s u s c e p t i b l e  c h ic k e n s  chan g ed  m a rk e d ly  d u r i n g  t h e  
e a r l y  s t a g e s  o f  i n f e c t i o n .  A r i s e  i n  p r o t e i n  c o n c e n t r a t i o n  was 
a p p a r e n t  b y  2 days a f t e r  IBV i n f e c t i o n  b u t  n o t  u n t i l 1 3 days, 
a f t e r  NDV i n f e c t i o n ,  f u r t h e r m o r e  a l l  t h e  c h ic k e n s  shov/ed an 
i n c r e a s e  i n  t h e  r a n g e  o f  l i  -  3 t im e s  t h e  p r e - i n f e c t i o n  l e v e l .
E l e v a t e d  c o n c e n t r a t i o n s  o f  p r o t e i n  p e r s i s t e d  f o r  s l i g h t l y\
l o n g e r  a f t e r  IBV i n f e c t i o n  (10  d a y s )  th a n  a f t e r  NDV i n f e c t i o n  
(8  d a y s )  and  sh o w ed 'a  c l o s e  c o r r e l a t i o n  w i t lv .b o th  t h e  h i s t o -  
p a t h o l o g i c a l  f i n d i n g s  and d a t a  on e x c r e t i o n  o f  v i r u s .  I t  was
c o n c lu d e d  t h a t  t h e  r i s e  i n  t h e  c o n c e n t r a t i o n  o f  p r o t e i n  i n  t h e  ■ 
n a s a l  s e c r e t i o n s  r e s u l t e d  f rom t h e  I n f l a m m a to r y  r e s p o n s e  o f  t h e  
l o c a l  t i s s u e s ,  a c o n c l u s i o n  t h a t  i s  i n  a g re e m e n t  w i t h  t h e  
f i n d i n g s  o f  P o t t e r  e t  a l . ( 1972b) an d  Anderson e t  a l . ( 1 9 6 2 ) ,  
v/ho d e m o n s t r a t e d  t h a t  during- c o r y z a l  i l l n e s s  t h e  n a s a l  s e c r e t i o n s  
may assume some o f  t h e  p r o t e i n  c h a r a c t e r i s t i c s  o f  an i n f l a m m a to r y  
e x u d a te .
Serum A n t ib o d y .
I n  t h e  p r e s e n t  s t u d y  i n f e c t i o n  w i t h  t h e  v i r u s e s  o f  b o t h  ND and 
AIB s t i m u l a t e d  a se rum  a n t i b o d y  r e s p o n s e ,  b u t  t h a t  f o l l o w i n g  IBV 
• i n f e c t i o n  v/as c o n s i d e r a b l y  s lo v /e r  i n  i t s  d e v e lo p m e n t ,  t a k i n g  a t  
l e a s t  l+ -  5 v/eeks to  r e a c h  maximum c o n c e n t r a t i o n s .  The dev e lo p m en t  
o f  HI and  VN a n t i b o d i e s  were  exam ined  f o l lo v / i n g  NDV i n f e c t i o n  
and b o t h  were fo u n d  to  r e s p o n d  i n  a s i m i l a r  m anner ,  e x c e p t  t h a t  ..
 t h e  VN a n t i b o d i e s  v/ere a t  a s l i g h t l y  h i g h e r  c o n c e n t r a t i o n  d u r i n g
t h e  e a r l y  p a r t  o f  t h e  r e s p o n s e .  S i n c e  HI t i t r e s  may b e  a d v e r s e l y  . 
a f f e c t e d  by  n o n - s p e c i f i c  i n h i b i t o r y  s u b s t a n c e s  i n  b o t h  s e r a  and  
r e s p i r a t o r y  t r a c t  s e c r e t i o n s  ( A l f o r d  e t  a l . . 1 9 6 7 ) ,  VN t i t r e s  
v/ere s e l e c t e d  i n  t h e  p r e s e n t  s t u d y  In  p r e f e r e n c e  to  HI t i t r e s  
f o r  e v a l u a t i n g  t h e  l o c a l  immune r e s p o n s e .
L o c a l  A n t ib o d y .
1~. C o l l e c t i o n  o f  R e s p i r a t o r y  T r a c t  S e c r e t i o n s .
S e c r e t i o n s  f rom  3 d i f f e r e n t  p a r t s  o f  t h e  r e s p i r a t o r y , t r a c t  v/ere 
c o l l e c t e d  d u r i n g  t h e  c o u r s e  o f  t h e s e  s t u d i e s .  N a s a l  w ash in g s  v/ere 
o b t a i n e d ' i n  a q u i c k  and  s im p le  way by  f l u s h i n g  PBS t h r o u g h  t h e
i
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n a s a l  cham bers .  A p a r t i c u l a r  a d v a n ta g e  a s s o c i a t e d  w i t h  t h i s  
t e c h n i q u e  which  v/as u t i l i s e d  In  t h e  s t u d i e s  w i t h  IBV, v/as t h a t  
i n d i v i d u a l  c h ic k e n s  o r  s m a l l  g ro u ps  c o u l d  be  r e p e a t e d l y  sam pled  
as  f r e q u e n t l y  as d e s i r e d .
Tv/o d i f f e r e n t  m ethods  o f  c o l l e c t i n g  t r a c h e a l  s e c r e t i o n s  v/ere 
exam ined ,  one i n v o l v i n g  t h e  v/ashing o f  t h e  t r a c h e a l  e p i t h e l i u m  
by  t h e  r e p e a t e d  p a s s a g e  o f  PBS and  th e  o t h e r ,  t h e  g e n t l e  s c r a p i n g  
o f  t h e  t r a c h e a l  mucosa.  I t  h a d  been  a n t i c i p a t e d  t h a t ,  t r a c h e a l  
s c r a p i n g ,  b e i n g  a more v i g o r o u s  t e c h n i q u e ,  would h av e  p r o d u c e d  
h i g h e r  a n t i b o d y  t i t r e s ,  a l t h o u g h  a t  a g r e a t e r  r i s k  o f  c o n ta m i n a t i o n  
f rom  t h e  b l o o d .  I n  p r a c t i c e ,  hov/ever ,  b o t h  methods a p p e a r  to  
h av e  worked  s a t i s f a c t o r i l y .  A t h i r d  m ethod  o f  c o l l e c t i n g  
t r a c h e a l  s e c r e t i o n s ,  st h a t  o f  sw abb in g  t h e  t r a c h e a e  o f  l i v i n g  
a n i m a l s ,  .was a t t e m p t e d ,  b u t  f r e q u e n t  c o n ta m i n a t i o n  w i t h  b l o o d  
p r e c l u d e d  i t s  u s e .
E a r l y  a t t e m p t s  a t  c o l l e c t i n g  l u n g  s e c r e t i o n s  u s e d  a m ethod  
s i m i l a r  to  t h a t  o f  Zakay-Rones e t  a l .  (1971') which  i n v o l v e d  
t h e  h o m o g en is in g  o f  whole  l u n g s  f rom  e x s a n g u i n a t e d  c h i c k e n s .  
However-, t h i s  was d i s c o n t i n u e d  f o r  t h e  f o l l o w i n g  r e a s o n s : -
a )  S i n c e  i t  i s  i m p o s s i b l e  to  remove a l l  t h e  b l o o d  f rom  an 
an im a l  and  an o rg an  s u c h  as th e  l u n g s  c o n t a i n s  c o n s i d e r a b l e  
amounts w i t h i n  t h e  c a p i l l a r i e s ,  a t e c h n i q u e  t h a t  i n v o l v e s  
h o m o g e n is in g  t h e  whole  l u n g  would i n e v i t a b l y  r e s u l t  In  
c o n s i d e r a b l e  b l o o d  c o n t a m i n a t i o n  and  t h e r e f o r e  be  o f  l i t t l e  
p r a c t i c a l  v a lu e  e x c e p t  i n  t h o s e  r a r e  c a s e s  where  t h e  t i t r e  o f  
a n t i b o d y  i n  t h e  s e c r e t i o n s  was h i g h e r  than  t h a t  i n  t h e  serum .
b )  Very  h i g h  l e v e l s  o f  n o n - s p e c i f i c  HI and  VN a c t i v i t y  were  
f o u n d  i n  l u n g  hom ogena tes  o f  c o n t r o l  animals.*-
A m ethod  o f  l u n g  w a sh in g  was t h e r e f o r e  d e v i s e d  an d  a p p e a r e d  to
work s a t i s f a c t o r i l y  w i t h  l i t t l e  e v id e n c e  o f  b l o o d  
c o n t a m i n a t i o n .
2. S p e c i f i c i t y  and  N a t u r e  o f  VN A c t i v i t y  D e m o n s t r a t e d  i n  
S e c r e t i o n s .
Two o f  t h e  main c h a r a c t e r i s t i c s  o f  a n t i b o d y  m o le c u le s  a r e  
t h a t  t h e y  a r e  g l o b u l i n  in  n a t u r e  and  s p e c i f i c . i n  t h e i r  r e a c t i o n .  
The VN a c t i v i t y  d e m o n s t r a t e d  i n  th e  v a r i o u s  r e s p i r a t o r y  t r a c t  
s e c r e t i o n s  in  t h e  p r e s e n t  s t u d y  was removed by  an a n t i s e r u m  
d e v e lo p e d  a g a i n s t  t h e  g l o b u l i n  f r a c t i o n  o f  ch ic k en  serum , b u t  
n o t  by  a c o n t r o l  se rum , and was shown to be  s p e c i f i c  i n  i t s  
r e a c t i o n .  Thus,  I t  seems r e a s o n a b l e  to  c o n c lu d e  t h a t  t h e  VN 
a c t i v i t y  d e m o n s t r a t e d  was m e d i a t e d  by  s p e c i f i c  a n t i b o d y .
3. A n t ib o d y  i n  S e c r e t i o n s  2 Weeks A f t e r  I n o c u l a t i o n  w i t h  NDV.
A l th o u g h  VN a n t i b o d y  was s t i m u l a t e d  In  b o t h  t r a c h e a l  and  l u n g  
s e c r e t i o n s ,  i t s  a p p e a ra n c e  i n  one a p p e a r e d  to  be  i n d e p e n d e n t  •: 
o f  i t s  a p p e a ra n c e  i n  t h e  o t h e r ,  b e c a u s e  f o r  t h e  optimum 
s t i m u l a t i o n  o f  a n t i b o d y  i n  e a c h  s e c r e t i o n ,  d i f f e r e n t  v a c c i n a t i o n  
p r o c e d u r e s  were r e q u i r e d .  T r a c h e a l  s e c r e t i o n  a n t i b o d y  was most  
„ e f f e c t i v e l y  i n d u c e d  b y  t h e  d i r e c t  a d m i n i s t r a t i o n  o f  v i r u s ,  e i t h e r  
l i v e  o r  i n a c t i v a t e d ,  i n t o  t h e  r e s p i r a t o r y  t r a c t ,  w i t h  t h e  l i v e  
v i r u s  in d u c in g -  t h e  g r e a t e r  amount, w h e reas  a n t i b o d y  i n  l u n g  
s e c r e t i o n s  v/as b e s t  s t i m u l a t e d  b y  l i v e  v i r u s  a d m i n i s t e r e d  
i n t r a m u s c u l a r l y .
The p r e s e n c e  o f  a n t i b o d y  in  t h e  t r a c h e a l  s e c r e t i o n s  d i d  n o t  
c o n s i s t e n t l y  c o r r e l a t e  w i t h  t h e  c o n c e n t r a t i o n  o f  se rum  a n t i b o d y .
As w e l l  as b e i n g  found, in  c h ic k e n s  w i t h  h i g h  c o n c e n t r a t i o n s  
o f  serum a n t i b o d y  f o l l o w i n g  th e  i n t r a n a s a l  i n o c u l a t i o n  o f  - 
l i v e  NDV-B1, i t  was d e m o n s t r a t e d  f o l l o w i n g  th e  i n o c u l a t i o n  o f  
i n a c t i v a t e d  v i r u s  d i r e c t l y  i n t o  th e  r e s p i r a t o r y  t r a c t ,  a 
p r o c e d u r e  t h a t  i n d u c e d  o n l y  low  c o n c e n t r a t i o n s  o f  serum a n t ibody^  
F u r t h e r m o r e ,  t r a n s u d a t i o n  o f  a n t i b o d y  from  th e  se rum  to  t h e  
r e s p i r a t o r y  t r a c t  s e c r e t i o n s  has  been  shown i n  t h e  p r e s e n t  
s t u d y  to  o c c u r  to  o n l y  a v e r y  l i m i t e d  e x t e n t  i n  c h ic k e n s  
p a s s i v e l y  immunised w i t h  h i g h - t i t r e d  a n t i s e r u m  to  IBV and 
c h i c k e n s  w i t h  h i g h  c o n c e n t r a t i o n s  o f  se rum  a n t i b o d y  as  a r e s u l t  
o f  p a r e n t e r a l  i n o c u l a t i o n  w i t h  i n a c t i v a t e d  NDV' v a c c i n e ,  d i d  n o t  
p o s s e s s  any a n t i b o d y  i n  t h e i r  t r a c h e a l  s e c r e t i o n s .  I t  would  
t h e r e f o r e  seem r e a s o n a b l e  to  c o n c lu d e  t h a t  most  o r  a l l  o f  t h e  
a n t i b o d y  d e m o n s t r a t e d  i n  t h e  t r a c h e a l  s e c r e t i o n s  was n o t  
t r a n s u d e d  serum a n t i b o d y ,  b u t  a r o s e  l o c a l l y  i n / t h e  r e s p i r a t o r y  
t r a c t .
.A c l o s e r  c o r r e l a t i o n  w i t h  serum  a n t i b o d y  c o n c e n t r a t i o n  .was shown 
b y  t h e  a n t i b o d y  i n  t h e  l u n g  s e c r e t i o n s ,  w i t h  t h e  h i g h e s t  t i t r e s  
o f  s e c r e t i o n  a n t i b o d y  b e i n g  d e m o n s t r a t e d  i n  t h e  c h ic k e n s  
e x h i b i t i n g  t h e  h i g h e s t  t i t r e s  o f  se rum  a n t i b o d y .  This '  s u g g e s t s  
t h a t  t h e  a n t i b o d y  fo u n d  i n  l u n g  s e c r e t i o n s  may o r i g i n a t e  i n  t h e  
b l o o d  c i r c u l a t i o n .  However,  t h e  mere d e m o n s t r a t i o n  o f  a 
c o r r e l a t i o n  o f  t h i s  k i n d  does n o t  n e c e s s a r i l y  im p ly  t h a t  one 
f a c t o r  i s  t h e  r e s u l t  o f  t h e  o t h e r ;  i t  may b e  t h a t  b o t h  l o c a l  
and  se rum  a n t i b o d y  were  s t i m u l a t e d  by  t h e  m ethod o f  v a c c i n a t i o n  
u s e d .
T h e r e ’ a p p e a r  to  be  no o t h e r  r e p o r t s  i n  t h e  l i t e r a t u r e  d e s c r i b i n g  
t h e  a p p e a ra n c e  o f  a n t i b o d i e s  to  NDV i n  b o t h  u p p e r  and  l o w e r  
r e s p i r a t o r y  t r a c t  s e c r e t i o n s  v / i th  v/hich to  compare t h e s e  f i n d i n g s .
HI a n t i b o d y  a c t i v i t y  has  been  p r e v i o u s l y  d e m o n s t r a t e d  in  
e x t r a c t s  o f  whole  l u n g s  a t  2 weeks f o l l o w i n g  t h e  i n t r a n a s a l  
a p p l i c a t i o n  o f  i n a c t i v a t e d  NDV (Zakay-Rones e t  a l . , 1971) and  
i n  a i r w a y  w ash in g s  2k  days a f t e r  t h e  s e c o n d  dose  o f  i n a c t i v a t e d  
NDV a d m i n i s t e r e d  by  a e r o s o l  (K a tz  and  Kohn, 1976) .  I n  t h e  
p r e s e n t  s t u d y ,  however ,  no a n t i b o d y  was i n d u c e d  i n  l u n g  s e c r e t i o n s  
f o l l o w i n g  th e  i n o c u l a t i o n  o f  i n a c t i v a t e d  v i r u s  i n t o  t h e  
r e s p i r a t o r y  t r a c t ,  a l t h o u g h  some t r a c h e a l  a n t i b o d y  was i n d u c e d .
I;.. S e q u e n t i a l  Development  o f  A n t ib o d y  i n  S e c r e t i o n s  A f t e r  
I n o c u l a t i o n  w i t h  NDV.
S tu d y  o f  t h e  s e q u e n t i a l  r e s p o n s e  o f  c h ic k e n s  to  v a c c i n a t i o n  
has  shown t h a t  th e  k i n e t i c s  o f  a n t i b o d y  p r o d u c t i o n  i n  s e c r e t i o n s  
f rom  2 d i s t i n c t  p a r t s  o f  th e  u p p e r  r e s p i r a t o r y  t r a c t  d i f f e r e d  
m a rk e d ly  f o l l o w i n g  t h e  i n t r a n a s a l  e x p o s u r e  *to l i v e  NDV-B1.
A n t ib o d y  c o n c e n t r a t i o n s ,  i n  t r a c h e a l  s e c r e t i o n s  r e a c h e d  an e a r l y  
p e a k  b u t  th e n  d e c l i n e d  in  t i t r e  s i m i l a r  to  t h a t  r e p o r t e d  by  
P a r r y  and  A i tk e n  (.1973) and  Spanoghe e t  a l . ( 1 9 7 7 ) ,  w h e r e a s  t h e  
a n t i b o d y  c o n t e n t  o f  n a s a l  s e c r e t i o n s  showed a s l i g h t l y  l a t e r  
a p p e a r a n c e  and r e m a in e d  a t  r e l a t i v e l y  h i g h  t i t r e s  u n t i l  t h e  
t im e  o f  c h a l l e n g e .
The maximum c o n c e n t r a t i o n  o f  a n t ib o d y '  a p p e a r e d  i n  t r a c h e a l  
s e c r e t i o n s  a t  6 days a f t e r  i n f e c t i o n ,  a t im e  when c o n s i d e r a b l e  
i n f l a m m a t io n  would  s t i l l  have  been  p r e s e n t ,  some v i r u s  may s t i l l  
have  been  e x c r e t e d  and  t h e  p r o t e i n  c o n t e n t  o f  t h e  s e c r e t i o n s  ; 
w ou ld  s t i l l  have  been  e l e v a t e d .  However, s i n c e  t h e  c o n c e n t r a t i o n  
o f  a n t i b o d y  i n  t h e  t r a c h e a l  s e c r e t i o n s  was t h e  same as  t h a t  
p r e v a i l i n g  i n  t h e  serum and t h e  c o l l e c t i o n  o f  r e s p i r a t o r y  t r a c t  
s e c r e t i o n s  i n e v i t a b l y  i n v o l v e s  some d i l u t i o n  o f  a n t i b o d y
( P a r r y  a n d  A i t k e n ,  1 9 7 3 ) ,  i t  may b e  c o n c l u d e d  t h a t  a t  l e a s t  
some o f  t h e  a n t i b o d y  a r o s e  l o c a l l y .
The d i f f e r e n c e s  i n  a n t i b o d y  c o n te n t '  be tw een  d i f f e r e n t  r e s p i r a t o r y  
t r a c t  s e c r e t i o n s  may r e f l e c t  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  
i m m u n o l o g ic a l l y  com pe ten t  c e l l s  i n  t h e  u p p e r  r e s p i r a t o r y  t r a c t  
o f  t h e  c h ic k e n .  The n a s a l  v e s t i b u l e ,  u n l i k e  t h e  r e m a i n d e r  o f  
t h e  r e s p i r a t o r y  t r a c t ,  has  a s s o c i a t e d  w i t h  i t  a w e l l - d e v e l o p e d  
s y s te m  o f  g l a n d s .  Bang and  Bang ( 1 9 6 8 ) ,  i n  a s t u d y  o f  t h e  
p a r a n a s a l  and  p a r a o t m l a r  o rgan  sy s te m s  o f  t h e  c h i c k e n ,  
d e m o n s t r a t e d  t h e  p r e s e n c e  o f  d e n se  c o n c e n t r a t i o n s  o f  p la sm a  
c e l l s  i n  t h e  g l a n d s  o f  H a r d e r  and  amongst  t h e  e p i t h e l i a l  c e l l s  
l i n i n g  t h e  d u c t  o f  t h e  l a t e r a l  n a s a l  g l a n d ,  s e c r e t i o n s  f rom w hich  
d i s c h a r g e  i n t o  t h e  e y e s ,  mouth and n a s a l  v e s t i b u l e ,  and  t h e y  
s u g g e s t e d  t h a t  t h e s e  t i s s u e  sy s tem s  may be  c a p a b le  o f  a l o c a l  
immune r e s p o n s e .  I t  has  s u b s e q u e n t l y  b e e n  shown t h a t  t h e  
H a r d e r i a n  glands- c o n t a i n  a n t i b o d y - p r o d u c i n g  c e l l s  w h ich  r e s p o n d  
to  l o c a l ,  b u t  n o t  s y s t e m i c ,  s t i m u l a t i o n  ( M u e l l e r  e t  a l . , 1971) 
and  t h a t  IgG. .and I g A - c o n t a i n i n g  p lasm a  c e l l s  p r e d o m i n a t e  b e tw een  
and  9 weeks o f  age w i t h  I g A - c o n t a i n i n g  c e l l s  m ost  numerous 
t h e r e a f t e r  ( A l b i n i  e t  a l . . 197U).
I n  c o n t r a s t  to t h e  c h ic k e n s  e x p o se d  to  l i v e  v i r u s ,  t h o s e  
” v a c c i n a t e d  i n t r a m u s c u l a r l y  w i t h  an i n a c t i v a t e d  v i r u s  v a c c i n e  
f a i l e d  t o  show any t r a c h e a l  o r  n a s a l  VN a c t i v i t y ,  a l t h o u g h  t h e y  
r e s p o n d e d  w i t h  h i g h  c o n c e n t r a t i o n s  o f  se rum  a n t i b o d y .  C h a l l e n g e  
w i t h  NDV-LaSota, however ,  s t i m u l a t e d  a p p r e c i a b l e  amounts  o f  
a n t i b o d y  a c t i v i t y  in  t h e  s e c r e t i o n s  o f  t h e s e  c h i c k e n s  w i t h i n  :
6 d a y s ,  w i t h  t h e  h i g h e s t  t i t r e s  b e i n g  fo u n d  i n  t h e  n a s a l  
s e c r e t i o n s .
When l i v e  v i r u s  was i n o c u l a t e d  i n t r a m u s c u l a r l y  v e r y  l i t t l e  
a n t i b o d y  was d e m o n s t r a t e d  in  t h e  r e s p i r a t o r y  t r a c t  s e c r e t i o n s ,  
w i t h  t h e  m a j o r i t y  o f  i t  a p p e a r i n g  i n  t h e  n a s a l  s e c r e t i o n s  a f t e r  
9 days .  The s m a l l  amount o f  a n t i b o d y  may be  t h e  r e s u l t  o f  some 
v i r u s  p a s s i n g  from t h e  s i t e  o f  i n o c u l a t i o n  to  t h e  r e s p i r a t o r y  
t r a c t  mucosa and t h e r e b y  e l i c i t i n g  a r e s p o n s e  i n  t h e  s e c r e t i o n s .  
S u p p o r t  f o r  t h i s  comes f rom  t h e  p r e s e n t  s t u d y  o f  v i r u s  e x c r e t i o n  
i n  which  b o t h  NDV-B1 and  NDV-LaSota v/ere i s o l a t e d  f rom  th e  
r e s p i r a t o r y  t r a c t  o f  a m i n o r i t y  o f  c h ic k e n s  f o l l o w i n g  i n t r a -  • 
m u s c u la r  i n o c u l a t i o n  and f rom  B eard  and E a s t e r d a y  ( 1 9 6 7 ) who 
fo u n d  t h a t  f o l l o w i n g  i n t r a m u s c u l a r  v a c c i n a t i o n  w i t h  NDV-B1, 
v i r u s  c o u ld  be  i s o l a t e d  f rom  t h e  t r a c h e a ' o f  1 o u t  o f  4  c h i c k e n s .
D i r e c t  e x p o s u r e  o f  t h e  r e s p i r a t o r y  t r a c t  mucosa to  i n a c t i v a t e d  
v i r u s  s t i m u l a t e d  a n t i b o d y  a c t i v i t y  i n  b o t h  n a s a l  and  t r a c h e a l  
s e c r e t i o n s ,  v / i th  t h e  a n t i b o d y  i n  t r a c h e a l  s e c r e t i o n s  a g a in  
. a p p e a r i n g  s l i g h t l y  b e f o r e  t h a t  i n  t h e  n a s a l  s e e r e t i o n s .  Serum 
a n t i b o d y  c o n c e n t r a t i o n  a t  7 days was v e r y  low and  was l e s s -  t h a n  
t h a t  d e m o n s t r a t e d  i n  t h e  t r a c h e a l  s e c r e t i o n s ,  s u p p o r t i n g  t h e  
e a r l i e r  c o n c l u s i o n  t h a t  r e j e c t e d  t r a n s u d a t i o n  i n  f a v o u r  o f  l o c a l  
a n t i b o d y  s y n t h e s i s .  ~~
5» L o c a l i s a t i o n  o f  t h e  Immune R esponse .
One o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  mammalian s e c r e t o r y  immuno­
l o g i c a l  s y s t e m  i s  th e  l o c a l i s a t i o n  o f  t h e  r e s p o n s e .  I t  h a s  been  
shown t h a t  t h e  l o c a l  a p p l i c a t i o n  o f  a n o n - r e p l i c a t i n g  a n t i g e n  
s t i m u l a t e s . a  r e s p o n s e  o n l y  i n  t h a t  p o r t i o n  o f  t h e  mucosa i n
c o n t a c t  w i t h  a n t i g e n  (Ogra and  K arzon ,  1971; Waldman e t  a l . ,
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1971)* No com parab le  d e g re e  o f  l o c a l i s a t i o n  has  y e t  been  
d e m o n s t r a t e d  i n  t h e  c h ick en  as most  r e s e a r c h  has  b e en  c o n f i n e d
t o  s t u d y i n g  t h e  a n t i b o d y  r e s p o n s e  o f  a s i n g l e  s e c r e t i o n .  In  
t h e  p r e s e n t  work, t h e  h i g h e s t  amount o f  a n t i b o d y  a c t i v i t y  in  
t r a c h e a l  s e c r e t i o n s  r e s u l t e d  from  i n t r a n a s a l  i n o c u l a t i o n  o f  
v i r u s ,  whereas  t h e  h i g h e s t  amount o f  a n t i b o d y  a c t i v i t y  in  l u n g  
s e c r e t i o n s  r e s u l t e d  from i n t r a m u s c u l a r  i n o c u l a t i o n .  These 
r e s u l t s  i n d i c a t e  t h a t  t h e  l o c a l  immune r e s p o n s e  o f  t h e  c h ic k en  
may a l s o  depend  upon th e  d i r e c t  s t i m u l a t i o n  o f  t h e  d i f f e r e n t  
p a r t s  o f  t h e  r e s p i r a t o r y  t r a c t  mucosa by  a n t i g e n .  F u r t h e r  
s u p p o r t  f o r  t h i s  v iew  comes from  the .  e x p e r im e n t  in  v/hich 
a n t i b o d y  i n  n a s a l  and  t r a c h e a l  s e c r e t i o n s -  was m e a s u re d  2 weeks 
a f t e r  i n f e c t i o n  w i t h  e i t h e r  a e r o s o l  o r  i n t r a n a s a l l y  a d m i n i s t e r e d  
NDV-B1. I n t r a n a s a l  a d m i n i s t r a t i o n  r e s u l t e d  i n  t h e  h i g h e s t  amounts- 
o f  a n t i b o d y  i n  n a s a l  s e c r e t i o n s ,  b u t  w i t h  v e r y  l i t t l e  i n  t h e  t -  
t r a c h e a l  s e c r e t i o n s , ,  w hereas  a e r o s o l  a d m i n i s t r a t i o n  p r o d u c e d  : 
s i m i l a r  amounts o f  a n t i b o d y  a c t i v i t y  i n  b o t h  n a s a l  an d  t r a c h e a l  
s e c r e t i o n s .
6. S e q u e n t i a l  Development o f  A n t ib o d y  i n  S e c r e t i o n s  A f t e r  
I n o c u l a t i o n  w i th - IB V .
I n f e c t i o n  w i t h  IBV h a s  been  shown h e r e  to  r e s u l t  i n  low  t i t r e s  
o f  VN a c t i v i t y  i n  t h e  n a s a l  s e c r e t i o n s  f rom 7 — 17 days  a f t e r  
c h a l l e n g e .  S i n c e  t h e  t i t r e s  were  o f  a low o r d e r  r a r e l y  e x c e e d i n g  
a n e u t r a l i s a t i o n  i n d e x  o f  i . O ,  t h e i r  s i g n i f i c a n c e  i s  open to  
q u e s t i o n .  S e r a . w i t h  s u c h  low v a l u e s  would  b e  r e g a r d e d  a s . n e g a t i v e  
a c c o r d i n g  to  Cunningham (1951)*  who showed t h a t  n o rm a l  c h ic k e n  
s e r a  may have  n e u t r a l i s a t i o n  i n d i c e s  o f  up to  1.5* However, 
n a s a l  s e c r e t i o n s  f rom  no n - im m u n ised  c h ic k e n s  d i d  n o t  a p p e a r  to  
e x h i b i t  any n o n - s p e c i f i c  'VN a c t i v i t y  s u g g e s t i n g  t h a t . . l o w e r
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t i t r e s  may b e  a c c e p t e d  as p o s i t i v e .  T r a n s u d a t i o n  o f  se rum  
a n t i b o d y  can be  l a r g e l y  r u l e d  o u t  as t h e  c a u se  o f  t h e  a n t i b o d y
a c t i v i t y  d e m o n s t r a t e d  i n  n a s a l  s e c r e t i o n s  s i n c e  serum a n t i b o d y  ■
was a t  a low  c o n c e n t r a t i o n  a t  t h e  t im e  o f  maximum s e c r e t o r y
a n t i b o d y  a c t i v i t y  and  t h e  s t u d y  i n  w hich  t r a n s u d a t i o n  o f  se rum
a n t i b o d i e s  was m ea su re d  d u r i n g  IBV i n f e c t i o n  showed t h a t
' t r a n s u d a t i o n  o c c u r r e d  to  o n l y  a v e r y  l i m i t e d  e x t e n t .  S i m i l a r
s t u d i e s  by  A i tk e n  and  P a r r y  (1976)  have  shown t h a t  o n l y  s l i g h t
t r a n s u d a t i o n  o f  a n t i b o d y  to  u n p e r  r e s p i r a t o r y  t r a c t  s e c r e t i o n s
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o c c u r s  i n  p a r e n t e r a l l y  immunised c h i c k e n s ,  a l t h o u g h  t h e y  o b s e r v e d  
an i n c r e a s e d  r a t e  o f  t r a n s u d a t i o n  i n  I B V - i n f e c t e d  c h i c k e n s .
Even s o ,  t h e  d e g re e  o f  t r a n s u d a t i o n  d e m o n s t r a t e d  d u r i n g  v i r u s  
• i n f e c t i o n  would a p p e a r  to  be  i n s u f f i c i e n t  to  a c c o u n t  f o r  t h e  - 
amount o f  a n t i b o d y  a c t i v i t y  fo u n d  i n  t h e  n a s a l  s e c r e t i o n s  i n  
t h e  c o u r s e  o f  t h e  p r e s e n t  s t u d y .
When c h a l l e n g e  was p r e c e d e d  by  t h e  a d m i n i s t r a t i o n  o f  l i v e  o r  
i n a c t i v a t e d  IBV much h i g h e r  t i t r e s  o f  a n t i b o d y  a c t i v i t y  were
 fo u n d  i n  t h e  n a s a l  s e c r e t i o n s .  I t  seems h i g h l y  l i k e l y  t h a t
t r a n s u d a t i o n  c o n t r i b u t e d  s i g n i f i c a n t l y  to  t h e s e  t i t r e s  b e c a u s e
i
serum  a n t i b o d y  i n c r e a s e d  to  h i g h  c o n c e n t r a t i o n s .  However, t h e  
s t u d i e s  o f  t r a n s u d a t i o n  s u g g e s t  t h a t  i t  may have  been  
i n s u f f i c i e n t  to  w h o l ly  a c c o u n t  f o r  t h e  o b s e r v e d  t i t r e s  a n d  t h a t  
l o c a l l y  s y n t h e s i s e d  a n t i b o d y  may have  fo rm ed  a s i g n i f i c a n t  p a r t .
"7» Im m u no lo g ica l  Memory.
L i t t l e  i s  known a b o u t  t h e  e x i s t e n c e  o f  im m un o log ica l  memory 
w i t h  r e g a r d  to  t h e  l o c a l  immune r e s p o n s e  o f  t h e  c h ic k e n .  N e i t h e r  
Y o sh id a  e t  a l . (1971)  n o r  P a r r y  and  A i tk e n  (1973)  f o u n d  any
e v id e n c e  f o r  an a n a m n e s t i c  r e s p o n s e  i n  t h e  s e c r e t i o n s .  The
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p r e s e n t  work s u p p o r t s  ‘ t h e i r  c o n c l u s i o n s  w i t h  ' r e g a r d  t o  t r a c h e a l  
a n t i b o d y ,  b u t  i n d i c a t e s  t h a t  a d e g re e  o f  im m u n o lo g ic a l  memory
may o p e r a t e  i n  c o n j u n c t i o n  w i t h  n a s a l  s e c r e t i o n  a n t i b o d y ,  
b e c a u s e  r e - e x p o s u r e  to  NDV r e s u l t e d  i n  a g r e a t e r  a n t i b o d y  
r e s p o n s e  i n  t h e  n a s a l  s e c r e t i o n s  th a n  was fo u n d  f o l l o w i n g  
p r i m a r y  e x p o s u r e  and  s t u d i e s  w i t h  IBV showed t h a t  much h i g h e r  
c o n c e n t r a t i o n s  o f  n a s a l  s e c r e t i o n  a n t i b o d y  were d e m o n s t r a t e d  
a f t e r  c h a l l e n g e  th a n  f o l l o w i n g  p r i m a r y  i n f e c t i o n .  A p o s s i b l e  
r e a s o n  f o r  t h e  a p p a r e n t  memory a s s o c i a t e d  w i t h  n a s a l  s e c r e t i o n  
a n t i b o d y  i s  t h a t  t h e  n a s a l  chamber, u n l i k e  t h e  r e m a i n d e r  o f  t h e  
r e s p i r a t o r y  t r a c t ,  i s  p r o v i d e d  w i t h  a w e l l - d e v e l o p e d  sy s te m  o f  
g l a n d s  (Bang and  Bang, 1 9 6 8 ; M u e l l e r  e t  a l . . 1971;  W ight  e t  a l . , 
1971) which  may p r o v i d e  a s u i t a b l e  e n v i ro n m en t  f o r  M em o ry 1 
c e l l s .
8.  Im m unog lobu l ins  i n  Chicken  S e c r e t i o n s .
In  t h e  p r e s e n t  s t u d y  o f  l o c a l  im m uni ty ,  v a r i o u s  s e c r e t i o n s  
f rom  a l l  p a r t s  o f  t h e  r e s p i r a t o r y  t r a c t  v/ere exam ined  f o r  t h e  
p r e s e n c e  o f  im m u no g lo bu l in s .  T r a c h e a l  and  l u n g  s e c r e t i o n s  were 
fo u n d  to  c o n t a i n  a l l  3 im m unoglobul in  c l a s s e s ,  w h e re a s  n a s a l  
s e c r e t i o n s  c o n t a i n e d  €gA and IgG '-w ith  o n ly  a t r a c e  of , IgM.'
T h e re  have  been  r e l a t i v e l y  few o t h e r  s t u d i e s  o f  r e s p i r a t o r y
t r a c t  s e c r e t i o n s  o f  c h ic k e n s  w i t h  w h ich  to  compare t h e s e  r e s u l t s .
K a tz  e t  a l . (1974)  h ave  shown t h a t  a i r w a y  w ash in gs  f rom
i n d i v i d u a l  c h ic k e n s  may c o n t a i n  e i t h e r  a l l  3 im m unog lobu l in
c l a s s e s ,  IgG- and IgA, o r  j u s t  IgA. As p o o l e d  s e c r e t i o n s  were
exam ined  i n  t h e  p r e s e n t  s t u d y ,  any i n d i v i d u a l  s e c r e t i o n
c o n t a i n i n g  j u s t  IgG a n d / o r  IgA may have  been  mixed wi;t h  o t h e r s
c o n t a i n i n g  a l l  3 c l a s e s .  I t  has  been  shown t h a t  IgA I n  c h ic k e n
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serum  r e p r e s e n t s  l e s s  th a n  o f  t h e  t o t a l  im m unog lobu l in  
c o n c e n t r a t i o n  and  t h a t  w h i l s t  IgA d i d  n o t  p r e d o m i n a t e  i n  a b s o l u t e
amounts i n  a l l  - s e c r e t i o n s  exam ined ,  a l l  showed a v a r i a b l e
d e g re e  o f  s e l e c t i v e  IgA e n r i c h m e n t  ( L e s l i e  and  M a r t i n ,  1973;
L eb a cq -V er  hey den e t  a l . , 197*0* p r e s e n t  r e s u l t s  f rom  s tu d ie s -
o f  r e s p i r a t o r y  t r a c t  s e c r e t i o n s  t e n d  to  s u p p o r t  th ese ,  f i n d i n g s .
s
A l th o u g h  IgA d i d  n o t  a p p e a r  to  p r e d o m in a te  o v e r  t h e  o t h e r  
im m u n o g lo b u l in s ,  w i t h  t h e  e x c e p t i o n  o f  n a s a l  s e c r e t i o n s  i n  w h ich  
IgA a p p e a r e d  to  be  more a b u n d a n t  than  IgM, t h e  s t r e n g t h  o f  t h e  
p r e c i p i t i n  l i n e s  s u g g e s t s  t h a t  s u b s t a n t i a l  amounts were p r e s e n t  
i n  s e c r e t i o n s  from- a l l  p a r t s  o f  t h e  r e s p i r a t o r y  t r a c t ,  
p a r t i c u l a r l y  f rom  t h e  t r a c h e a  and b r o n c h i ,  and  a s e l e c t i v e  
abundance  o f  IgA, r e l a t i v e  to  t h e  o t h e r  im m u n o g lo b u l in s ,  seems 
l i k e l y .
The d e m o n s t r a t i o n  i n  t h e  p r e s e n t  s t u d y  t h a t  a n t i b o d y  a c t i v i t y  
i n  t r a c h e a l  s e c r e t i o n s  a p p e a r e d  to  be  a s s o c i a t e d  w i t h  IgA 
s u p p o r t s  t h e  e a r l i e r  f i n d i n g s  o f  Oka e t  a l . (1973)*  who showed 
t h a t  a n t i b o d i e s  to  NDV from  t r a c h e a l  mucus d i f f e r e d  f ro m  IgG 
and IgM and  v/as t h e r e f o r e  p re su m ed  t o - b e  IgA, an d  P a r r y  and  
A i tk e n  (1973)  who showed t h a t  most  o f  t h e  VN a c t i v i t y  d e m o n s t r a t e  
i n  s a l i v a  was l o c a t e d  i n  t h e  IgA f r a c t i o n .  They d i f f e r ,  h o w e v e r ,  
f rom  t h o s e  o f  Zakay-Rones e t  a l . (1972)  who c o n c lu d e d  t h a t  l o c a l  
a n t i b o d i e s  i n  l u n g  s e c r e t i o n s  f rom  c h ic k e n s  immunised  a g a i n s t  
ND b e lo n g e d  to  t h e  IgG c l a s s  o f  im m unog lobu l in .  T h is  may b e  due 
t o  fu n d a m e n ta l  d i f f e r e n c e s  i n  im m unoglobul in  c o n t e n t  b e tw een  
u p p e r  and  lo w e r  r e s p i r a t o r y  t r a c t  s e c r e t i o n s ,  a l t h o u g h  no s u c h  
d i f f e r e n c e s  were  d e m o n s t r a t e d  i n  t h e  p r e s e n t  s t u d y .
L i t t l e  u n e q u i v o c a l  e v id e n c e  h a s  been  p u b l i s h e d  to  show t h a t
c h ic k e n  IgA c o n t a i n s  a s e c r e t o r y  com ponen t , a n a lo g o u s  to  t h a t .  . .
^  -
fo u n d  i n  mammalian IgA. S e v e r a l  r e s e a r c h  g r o u p s ,  ho w e v e r ,  h ave  
o b s e r v e d  a n t i g e n i c  components t h a t  c o u ld  p o s s i b l y  q u a l i f y  as:
c a n d i d a t e  m o le c u le s  ( B i e n e n s t o c k  e t  a l . . 1972, 1973; L e s l i e  
and M a r t i n ,  1973; K atz  e t  a l . . 1974; Rose e t  a l . «, 1974; W atanabe  
and K o b a y a s h i ,  l 9 7 4 T l l a t a n a b e  e t  a l . . 1975 ;  P o r t e r  and  P a r r y ,  
1976) .  The p r e s e n t  s t u d y  showed t h a t  an a n t i s e r u m  d e v e l o p e d  . 
a g a i n s t  b i l e  g l o b u l i n s  and  a b s o r b e d  w i t h  7 - d a y - o l d  c h i c k  se rum  
r e a c t s  w i t h ,  i n  a d d i t i o n  to  t h e  <*-h e av y  c h a i n ,  a non-immuno­
g l o b u l i n  component p r e s e n t  n o t  o n ly  i n  b i l e ,  b u t  i n  a l l  s e c r e t i o n s  
examined.  T hese  i n c l u d e d  n a s a l ,  t r a c h e a l  and l u n g  s e c r e t i o n s  and 
an e g g - w h i t e  g l o b u l i n  p r e p a r a t i o n .  However,  no r e a c t i o n  was 
s e e n  to  o c c u r  w i t h  c h ic k e n  se ru m  g l o b u l i n s  and e x t e n s i v e  
a b s o r p t i o n  w i t h  7 - d a y - o l d  c h i c k  se rum  f a i l e d  to  remove a n t i b o d i e s  
t o  t h i s  c o m p o n e n t . . In  t r a c h e a l ,  l u n g  and e g g - w h i t e  s e c r e t i o n s ,  
t h e  s e c r e t i o n  s p e c i f i c  component p r o d u c e d  a c o m p l e t e l y  s e p a r a t e  
p r e c i p i t i n  l i n e  i n d i c a t i n g  t h a t  i t  was p r e s e n t  i n  a f r e e  form  
as w e l l  as bound.  F u r t h e r m o r e ,  t h e  o rgan  c u l t u r e  f l u i d  o n l y  
a p p e a r e d  to  c o n t a i n  t h e  s e c r e t i o n  s p e c i f i c  component w i t h  no IgA 
l i n e  to  be  s e e n ,  an o b s e r v a t i o n  s i m i l a r . t o  t h a t  o f  K a tz  e t  a l . 
(1974)  w i t h  b i l e  f rom  1- d a y - o l d ’c h i c k s .  The s e c r e t i o n  s p e c i f i c :  
component may be  t h e  same as t h a t  r e p o r t e d  by B i e n e n s t o c k  e t  a l . 
( 1 9 7 2 ,  1973s) and  by  K a tz  e t  a l . ( 1 9 7 4 ) .  However, t h e s e  a u t h o r s  
f a i l e d  to  d e m o n s t r a t e  t h e  component i n  any s e c r e t i o n  o t h e r  t h a n  
b i l e ,  a l t h o u g h  K a tz  e t  a l . . by  i n d i r e c t  means, i n f e r r e d  i t s  
p r e s e n c e  i n  a i r w a y  v /ash ings .  S i m i l a r l y ,  W atanabe e t  a l .  (1975) 
o n l y  su c c e e d e d  i n  d e m o n s t r a t i n g  t h e i r  p u t a t i v e  s e c r e t o r y  
component i n  i n t e s t i n a l  s e c r e t i o n s .
P o r t e r  and  P a r r y  (1976)  have  r e c e n t l y  d e m o n s t r a t e d  a component  
i n  t h e  s m a l l  m o l e c u l a r  w e ig h t  f r a c t i o n  o f  c a e e a l  and  i n t e s t i n a l  
c o n t e n t s  w h ich  t h e y  c o n s i d e r e d  t o  b e  a p o s s i b l e  a n a lo g u e  o f  
mammalian s e c r e t o r y  component. T h e i r  component ,  how ever ,  was
d i s t i n g u i s h a b l e  f rom  t h a t  o f  B i e n e n s t o c k  e t  a l . (1972)  and 
Watanabe and K obayash i  * (1974)  a n a  was a l s o  fo u n d  i n  a h i g h  
m o l e c u l a r  w e ig h t  f r a c t i o n  o f  serum  IgA* W h e th e r -P o r t e r  and  
P a r r y ’ s component i s  t h e  same as t h e  s e c r e t i o n  s p e c i f i c  
component o f  t h e  p r e s e n t  s t u d y  i s  n o t  known as t h e  l a t t e r  has  
n o t  been  f u l l y  c h a r a c t e r i s e d .  I t s  a b se n c e  from  t h e  se rum  
s u g g e s t s  t h a t  i t  may be  d i s t i n c t .  However, t h e  a p p e a r a n c e  o f  t h e  
• s e c r e t i o n  s p e c i f i c  component i n  g e l  d i f f u s i o n  . t e s t s  o f  b i l e ,  
s e c r e t o r y  IgA and  r e s p i r a t o r y  t r a c t ,  s e c r e t i o n s  c l o s e l y  r e s e m b l e s  
t h e  s e c r e t o r y  component o f  P a r r y  e t  al* (1977)  i n  i n t e s t i n a l  
s e c r e t i o n s  and  t h e  f a c t  t h a t  i t  can b e  f o u n d  i n  a f r e e  form  
u n a s s o c i a t e d  w i t h  IgA i s  a f u r t h e r  s i m i l a r i t y .
R e s i s t a n c e  o f  t h e  R e s p i r a t o r y  T r a c t  to  C h a l l e n g e .
1. In  Vivo R e s i s t a n c e  to  C h a l l e n g e .
The r e s u l t s  o f  th e  p r e s e n t  s t u d y  show t h a t  r e s i s t a n c e  o f  t h e  
r e s p i r a t o r y  t r a c t  to  NDV i n f e c t i o n  may n o t  be  d i r e c t l y  r e l a t e d  ~ 
to  t h e  c o n c e n t r a t i o n  o f  se rum  a n t i b o d i e s *  High  c o n c e n t r a t i o n s
t
o f  su c h  a n t i b o d i e s  were accom pan ied  b y  e i t h e r  m arked  r e s i s t a n c e  
o f  t h e  r e s p i r a t o r y  t r a c t  to  i n f e c t i o n  o r  a lm o s t  co m p le te  
, s u s c e p t i b i l i t y  d e pend ing  on t h e  t y p e  o f  v a c c i n e  u s e d  to  p r o d u c e  
t h e  a n t i b o d i e s  and t h e  r o u t e  o f  a d m i n i s t r a t i o n .  A l th o u g h  h i g h  
c o n c e n t r a t i o n s  o f  a n t i b o d y  have  been  r e p o r t e d  to  b e  e f f e c t i v e  
i n  p r e v e n t i n g  d i s e a s e  i n  c h ic k e n s  e x p o sed  to  v i r u l e n t  v i r u s  
( P h i l l i p s ,  1973; B eard  an d  Brugh,  1975),  t h e  c o n c o m i ta n t  
a b sen c e  o f  r e s i s t a n c e  i n  t h e  r e s p i r a t o r y  t r a c t  would  f a c i l i t a t e  
t h e  m u l t i p l i c a t i o n  and  s u b s e q u e n t  d i s s e m in a t jx m  o f  s u c h  v i r u s  
t h e r e b y  a s s i s t i n g  i n  t h e  s p r e a d  o f  t h e  d i s e a s e *  F u r t h e r m o r e ,
imm unity  i n  t h e . r e s p i r a t o r y  t r a c t  i n  c o m b ina t io n  w i t h  s y s t e m i c  
immunity  would  p r o v i d e  g r e a t e r  o v e r a l l  p r o t e c t i o n  a g a i n s t  
v i r u l e n t  v i r u s  ( A l l a n ,  1975) .
I n a c t i v a t e d .v i r u s  a d m i n i s t e r e d  i n t r a m u s c u l a r l y ' p r o d u c e d  l i t t l e
r e s i s t a n c e  d e s p i t e  t h e  h i g h ' t i t r e s ^  o f  serum a n t i b o d y  s t i m u l a t e d .
However, a s i m i l a r  i n a c t i v a t e d  p r e p a r a t i o n  o r  a l i v e  v i r u s
*v a c c i n e  g iv e n  d i r e c t l y  i n t o  t h e  r e s p i r a t o r y  t r a c t  were  
s u c c e s s f u l  i n  s t i m u l a t i n g  r e s i s t a n c e  to  i n f e c t i o n .  Even when 
l i v e  v i r u s  was g iv e n  p a r e n t e r a l l y ,  r e s p i r a t o r y  t r a c t  r e s i s t a n c e '  
was i n d u c e d ,  p o s s i b l y  as a r e s u l t  o f  v i r u s  s p r e a d i n g  f rom  t h e  
s i t e  o f  i n o c u l a t i o n  to  t h e  r e s p i r a t o r y  t r a c t  mucosa. I t  w ould  
a p p e a r  f rom t h e s e  r e s u l t s  t h a t  t h e  d i r e c t  o r  i n d i r e c t  e x p o s u r e  
o f  t h e  r e s p i r a t o r y  t r a c t  inucos-a t o  a n t i g e n  was n e c e s s a r y  f o r  t h e  
i n d u c t i o n  o f  r e s i s t a n c e .
Of t h e  c h ic k e n s  t h a t  r e c e i v e d  l i v e  v i r u s ,  t h o s e  to  w h ich  i t  was 
a d m i n i s t e r e d  i n t r a n a s a l l y  d e v e lo p e d  t h e  h i g h e s t  d e g re e  o f  
r e s i s t a n c e .  I n d e e d ,  c h a l l e n g e  w i t h  NDV-Bi d i d  n o t  r e s u l t  i n  any 
v i r u s  e x c r e t i o n  n o r  was t h e r e  any e v id e n c e  o f  a s e r o l o g i c a l  
r e s p o n s e ,  s u g g e s t i n g  t h a t  c h a l l e n g e  v i r u s  was c o m p l e t e ly  
p r e v e n t e d  f rom  e s t a b l i s h i n g  i t s e l f  i n  t h e  r e s p i r a t o r y  t r a c t ,  
mucosa.
I n a c t i v a t e d  v i r u s  a d m i n i s t e r e d  b y  t h e  r e s p i r a t o r y  r o u t e  
s t i m u l a t e d  marked r e s i s t a n c e  t o  c h a l l e n g e  d e s p i t e  t h e  low 
. c o n c e n t r a t i o n  o f  serum a n t i b o d y  t h a t  r e s u l t e d .  However,- t h e  
d e g re e  o f  r e s i s t a n c e  i n d u c e d  was somewhat l e s s  th an  t h a t  i n d u c e d  
b y  l i v e  v i r u s  g iv en  by  e i t h e r  r o u t e .  T h i s ’would a p p e a r  t o . b e  due 
to  t h e  r e l a t i v e l y  s m a l l  amount o f  a n t i g e n  t h n t  r e a c h e s  t h e  
t i s s u e s  f o l l o w i n g  s u c h  e x p o su re .  A d m i n i s t r a t i o n  o f  i n a c t i v a t e d
v i r u s  by  t h e  r e s p i r a t o r y  r o u t e  i s  r a t h e r  an i n e f f i c i e n t  way 
o f  e x p o s in g  a ch ic k en  to  a n t ig e n *  Some o f  t h e  v i r u s  w ou ia  be  
coughed o u t  o r  sw al low ed  and  much o f  t h e  r e m a in d e r  p r e v e n t e d  
from r e a c h i n g  t h e  m ucosa l  s u r f a c e  by  i m p a c t i o n  on to  t h e  mucus ■ 
b l a n k e t  ( T y r r e l l ,  1973)' . As i n a c t i v a t e d  v i r u s  does n o t  m u l t i p l y  
t h e r e  can b e  no l o c a l  b u i l d - u p  i n  t h e  c o n c e n t r a t i o n  o f  a n t i g e n  
as may o c c u r  d u r i n g  an a c t i v e  i n f e c t i o n .  Thus,  a l t h o u g h  t h e  
r e s i s t a n c e  i n d u c e d  i n  t h e  r e s p i r a t o r y  t r a c t  by  t h e  d i r e c t  
a d m i n i s t r a t i o n ,  o f  i n a c t i v a t e d  v i r u s  was l e s s  than  th a t ,  fo u n d  
a f t e r  a c t i v e  i n f e c t i o n ,  i t  was t h e  r e s u l t  o f  a much s m a l l e r  
amount o f  a n t i g e n .
T here  h ave  been  few p u b l i s h e d  r e p o r t s  o f  immunity  b e i n g  
s t i m u l a t e d  by t h e  a d m i n i s t r a t i o n  o f  i n a c t i v a t e d  v i r u s  d i r e c t l y  
i n t o  t h e  r e s p i r a t o r y  t r a c t .  Y osh ida  e t  a l . (1971)  f a i l e d  to  
in d u c e  l o c a l  o r  s y s t e m i c  a n t i b o d y  i n  the- m a j o r i t y  o f  c h ic k e n s  
g iv e n  i n a c t i v a t e d  v i r u s  i n t r a t r a c h e a l l y  and  Gough and  
A l e x a n d e r  (1 97 3 )  fo u n d  n e i t h e r  r e s i s t a n c e  to  c h a l l e n g e  n o r  
s e r o l o g i c a l  r e s p o n s e  in  c h ic k e n s  e x p o sed  to  an a e r o s o l  o f  
i n a c t i v a t e d  v i r u s .  Zakay-Rones e t  a l . (1971)?  on t h e  o t h e r  
h and ,  were  s u c c e s s f u l  i n  s t i m u l a t i n g  a n t i b o d y  i n  t h e  l u n g s  b y  
t h e  i n t r a n a s a l  a d m i n i s t r a t i o n  o f  i n a c t i v a t e d  v i r u s  and  S t o n e  
and Boney (1972)  managed to  immunise c h ic k e n s  u s i n g  t h e  i n t r a -  
.... t r a c h e a l  r o u t e .  However,  S to n e  and Boney a s s e s s e d  t h e  immune 
r e s p o n s e  o f  t h e i r  c h ic k e n s  by  i n t r a m u s c u l a r  c h a l l e n g e  w i t h  
v e l o g e n i c  v i r u s ,  an a r t i f i c i a l  r o u t e  t h a t  depends l a r g e l y  on 
t h e  p r e s e n c e  o f  serum  a n t i b o d y  f o r  p r o t e c t i o n .  As s y s t e m i c  
i n j e c t i o n  b y -p a s se s :  t h e  mucous membrane b a r r i e r ,  i t  does n o t  
r e f l e c t  l o c a l  r e s i s t a n c e  to  i n f e c t i o n .
> -
The d e g re e s  o f  r e s i s t a n c e  o f  t h e  r e s p i r a t o r y  t r a c t  t o  c h a l l e n g e
t h a t  were fo u n d  a f t e r  i n f e c t i o n  w i t h  l i v e  IBV o r  p a r e n t e r a l  
i n o c u l a t i o n  w i t h  i n a c t i v a t e d  IBV were s i m i l a r  to  t h a t ' f o u n d  
a f t e r  e x p o s u re  to  NDV and once a g a in  d e m o n s t r a t e s  t h e  l a c k  o f  
c o r r e l a t i o n  t h a t  e x i s t s  be tw een  serum  a n t i b o d y  c o n c e n t r a t i o n s  
and r e s p i r a t o r y  t r a c t  immunity.
i • .
2. E f f e c t  o f  P a s s i v e  Immunity.
F u r t h e r  e v id e n c e  s u p p o r t i n g  t h e  i n d e p e n d e n t  n a t u r e  o f  t h e  l o c a l  
immune mechanisms o p e r a t i n g  in  t h e  r e s p i r a t o r y  t r a c t  comes f rom  
s t u d i e s  o f  t h e  deve lopm en t  o f  r e s i s t a n c e  in  t h e  r e s p i r a t o r y  t r a c t  
o f  young c h ic k e n s  w i t h  p a s s i v e  immunity .  The w e l l  documented  
i n h i b i t o r y  e f f e c t  t h a t  m a t e r n a l l y  d e r i v e d  p a s s i v e  imm unity  h a s  
on t h e  s e r o l o g i c a l  r e s p o n s e  o f  young c h ic k e n s  to  v a c c i n a t i o n  
was i l l u s t r a t e d  by  t h e - r e s u l t s  o f  t h e  p r e s e n t  s t u d y  w i t h  
p a s s i v e l y  immunised  c h i c k s .  However, t h e r e  was l i t t l e  e v id e n c e  
to  s u g g e s t  t h a t  immunity  o f  t h e  r e s p i r a t o r y  t r a c t  was s i m i l a r l y  
s u p p r e s s e d .  Even as  l o n g  as 10 weeks a f t e r  v a c c i n a t i o n  when 
l i t t l e  c i r c u l a t i n g ^ a n t i b o d y  was d e t e c t e d ,  r e s i s t a n c e  to  i n f e c t i o n  
was s t i l l  a p p a r e n t .  These  f i n d i n g s  h e l p  to  e x p l a i n  why t h e  
p o l i c y  o f  v a c c i n a t i n g  yourg c h i c k s  w i t h  h i g h  l e v e l s  o f  m a t e r n a l  
immunity  ha s  p r o v e d  to  be  s u c c e s s f u l  d e s p i t e  t h e  p o o r  o r  n o n ­
e x i s t e n t  s e r o l o g i c a l  r e s p o n s e s  t h a t  so o f t e n  r e s u l t  (Box, 1965;  
. L a n c a s t e r ,  1966; A l l a n ,  1971", 1974;  Q uag l io  e t  a l . , 1975;
E id s o n  e t  a l . . 1976;  Samberg e t  a l . . 1977)# '
3. I n  V i t r o  R e s i s t a n c e  to  C h a l l e n g e .
The p r e s e n t  s t u d y  h a s  shown t h a t ,  c o n t r a r y  to  t h e  f i n d i n g s  o f  
Johnson  e t  a l . ( 1 9 6 9 ) w i t h  IBV, b o t h  AIB a n d  HD v i r u s  t i t r e s  
In  t r a c h e a l  e x p l a n t s  f rom c h ic k e n s  p r e v i o u s l y  i n f e c t e d  w i t h
t h e  homologous v i r u s  were s i g n i f i c a n t l y  l o w e r  than  t h o s e  i n
e x p l a n t s  f rom  u n t r e a t e d  c h i c k e n s ,  p a s s i v e l y  immune c h ic k e n s
(IBV) o r . f r o m c h ic k e n s  p r e v i o u s l y  v a c c i n a t e d  i n t r a m u s c u l a r l y
w i t h  an i n a c t i v a t e d  v a c c i n e  (TTDV)'. F u r t h e r m o r e ,  v i rus . ,  y i e l d
*
i n  e x p l a n t s  f rom p r e v i o u s l y  i n f e c t e d  c h ic k e n s  was c o n s i d e r a b l y  
l o w e r  t h a n  i n  ex p la n ts -  f rom  u n t r e a t e d  c h i c k e n s .  T h is  a p p a r e n t  
r e s i s t a n c e  to  i n f e c t i o n  i n  v i t r o  e x h i b i t e d  by  t h e  c u l tu r e s -  f rom 
p r e v i o u s l y  i n f e c t e d  c h ic k e n s  c o u ld  r e s u l t  f rom  a num ber  o f  
d i f f e r e n t  f a c t o r s .  R e s i d u a l  se rum  a n t i b o d y  i s  c o n s i d e r e d  n o t  
to  have  been  i n v o l v e d  b e c a u s e  t h e  v a r i o u s l y  immunised  c h ic k e n s  
a l l  h a d  s i m i l a r  c o n c e n t r a t i o n s  o f  se rum  a n t i b o d y  and  y e t  o n l y  
t h e  e x p l a n t s  f rom  t h e  p r e v i o u s l y  i n f e c t e d  c h ic k e n s  showed 
r e s i s t a n c e  to  c h a l l e n g e  i n  v i t r o . V i r u s  p e r s i s t i n g  i n  t h e  
t r a c h e a l  mucosa c o u ld  have  i n t e r f e r e d  w i t h  s u b s e q u e n t  v i r u s  
i n f e c t i o n ,  a l t h o u g h  no e v id e n c e  in  s u p p o r t  o f  th is -  was found* . 
However,  t h i s  p o s s i b i l i t y  c a n n o t  be  e n t i r e l y  e x c l u d e d  b e c a u s e  
H e u s c h e l e  and E a s t e r d a y  (1970)  h ave  shown t h a t  NDV can b e  
i s o l a t e d  f rom t h e  t r a c h e a e  o f  c h ic k e n s  as  l o n g  as  120 days a f t e r  
i n f e c t i o n .  The d e m o n s t r a t i o n  i n  t h e  p r e s e n t  s t u d y  o f  VET a n t i b o d y  
i n  t h e  s e c r e t i o n s  o f  t h e  r e s p i r a t o r y  t r a c t ,  t o g e t h e r  w i t h  t h e  
d e m o n s t r a t i o n  o f  r e s i s t a n c e  to  i n f e c t i o n  in  v i t r o ,  s u g g e s t  t h a t  
l o c a l  im m u no lo g ic a l  mechanisms o p e r a t i n g  i n  t h e  r e s p i r a t o r y  
t r a c t  may have  been  r e s p o n s i b l e .
Those f i n d i n g s  c o r r o b o r a t e  t h o s e  o f  F i n k e l s t e i n  e t  a l . - (1972)
who d e m o n s t r a t e d  t h a t  o n l y  c h ic k e n s  immunised a g a i n s t  ND by
t h e  i n t r a t r a c h e a l  r o u t e  y i e l d e d  t r a c h e a l  e x p l a n t s  t h a t  showed
r e s i s t a n c e  to  i n f e c t i o n  and Gomez and  Raggi  (1974)  who showed
t h a t  v i r u s  g ro w th  i n  e x p l a n t s  f rom c h ic k e n s  t h a t  h a d  b een  p r e -  . -
-
v i o u s l y  ex p o sed  to  IBV was a lm o s t  . . c o m p l e t e l y ' p r e v e n t e d .
! . 
However, t h e  d i f f e r e n c e s  i n  v i r u s  t i t r e  d e m o n s t r a t e d  i n  t h e
p r e s e n t  s t u d y  be tw een  e x p l a n t s  f rom c h ic k e n s  p r e v i o u s l y  i n f e c t e d  
w i t h  v i r u s  and  f rom u n t r e a t e d  c h ic k e n s  were c o n s i d e r a b l y  l e s s  
than  t h a t  r e p o r t e d  by  Gomez and Raggi .  T h is  may b e  due to  t h e  
d i f f e r e n t  e x p e r i m e n t a l  p r o c e d u r e s  a d o p te d  i n  t h e  2 s t u d i e s  
w i t h  Gomez and  Raggi  a c h i e v i n g  h i g h e r  l e v e l s  o f  r e s i s t a n c e  
t h r o u g h  r e p e a t e d  i n o c u l a t i o n  o f  v i r u s .
I n t e r f e r o n .
I t  i s  p o s s i b l e  t h a t  i n t e r f e r o n  c o u l d  p l a y  a r o l e  i n  p r o t e c t i n g  
t h e  r e s p i r a t o r y  t r a c t  mucosa f rom  i n f e c t i o n .  However,  a number 
o f  s t u d i e s  have  shown t h a t  b o t h  HD and AIB v i r u s e s  a r e  p o o r  
i n d u c e r s  o f  i n t e r f e r o n  i n  c h ic k e n  c e l l s  (B a ro n ,  1964;  Yurov ,
1967; L o m n ic z i ,  1970, 1974;  Bankov/ski, 1975) and  s t u d i e s  
r e c e n t l y  c a r r i e d  o u t  i n  t h i s  l a b o r a t o r y  s u g g e s t  t h a t  as w e l l  • : 
as b e i n g  p o o r  i n d u c e r s  o f  i n t e r f e r o n ,  HD and  AIB v i r u s e s  a r e  
r e s i s t a n t  to  i t s  a n t i v i r a l  e f f e c t  (Holmes and  D a r b y s h i r e ,  1 9 7 8 ) .
C e l l - M e d i a t e d  Immunity .
In  a d d i t i o n  to  a n t i b o d y - m e d i a t e d  l o c a l  im m uni ty ,  i t  h a s  b een  
d e m o n s t r a t e d  t h a t  c e l l - m e d i a t e d  immunity  o p e r a t e s  a t  t h e  m ucosa l  
s u r f a c e s  o f  mammals and  can be  p r e f e r e n t i a l l y  s t i m u l a t e d  b y  t h e  
t o p i c a l  a d m i n i s t r a t i o n  o f  a n t i g e n  (Henney and  Waldman, 1970;  
V/aldman and  Henney, 1971;  Hash  and  H o l l e b  1973) .  I n  t h e  c h i c k e n ,  
immunity  to  HD has  been  shown to  be  m a in ly  a n t i b o d y - m e d i a t e d  by  
t h e  e x p o s u re  o f  agam m aglobu l inaem ic  c h ic k e n s  to  m esog en ic  v i r u s ;  
( P e r e y  and D e n t , •1975) .  However,  T - c e l l  d e f i c i e n t  c h ic k e n s  were  
more s u s c e p t i b l e  to  i n f e c t i o n  th an  v/ere c o n t r o l s  s u g g e s t i n g  t h a t  
e i t h e r  c e l l u l a r  Immunity p l a y e d  a l i m i t e d  p r o t e c t i v e  r o l e  o r  
t h a t  t h e  B - c e l l  m e d i a t e d  a n t i b o d y  r e s p o n s e  r e q u i r e d  a d e g r e e  o f
T—c e l l  c o o p e r a t i o n .  R e c e n t  s t u d i e s  u s i n g  t h e  l e u c o c y t e  
m i g r a t i o n  i n h i b i t i o n  t e s t  (Timms and A le x a n d e r ,  1977) h ave
shown t h a t  c e l l - m e d i a t e d  immunity  can be  s t i m u l a t e d  b y ' b o t h
%
l i v e  NDV-B1 g iv e n  by  t h e  r e s p i r a t o r y  r o u t e  and  by  an i n a c t i v a t e d  
NDV v a c c i n e  g iv e n  i n t r a m u s c u l a r l y .  T h is  s u g g e s t s  t h a t  t h e  
r e s i s t a n c e  d e m o n s t r a t e d  i n  t h e  r e s p i r a t o r y  t r a c t  i n  t h e  p r e s e n t  
s t u d y  v/as n o t  due to  s y s t e m i c  c e l l - m e d i a t e d  immunity ,  a l t h o u g h  
th e  e x i s t e n c e  o f  l o c a l  c e l l u l a r  immunity  m e d i a t e d  by  
T - ly m p h o c y te s  i n  t h e  r e s p i r a t o r y  t r a c t  mucosa can n o t  b e  r u l e d  
o u t .  * ‘
C o n c lu s io n s .
The r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  ■ h a v e ' shown t h a t  b o t h  
r e s i s t a n c e  o f  t h e  r e s p i r a t o r y  t r a c t  mucosa to  i n f e c t i o n  an d  
th e  a p p e a r a n c e  o f  VN a n t i b o d y  i n  t h e  r e s p i r a t o r y  t r a c t  s e c r e t i o n s  
r e q u i r e  s i  m i l a r c  on d i  t  i  ons f o r  o p t imal  s t i m u l a t i  on. Thi  s , 
t o g e t h e r  w i t h  t h e  l a c k  o f  c o r r e l a t i o n  shown b y  serum a n t i b o d y  
c o n c e n t r a t i o n s ,  on t h e  one h a n d  and  r e s i s t a n c e  o f  t h e  r e s p i r a t o r y  
t r a c t  and  c o n c e n t r a t i o n s  o f  a n t i b o d y  i n  r e s p i r a t o r y  t r a c t  
s e c r e t i o n s  on t h e  o t h e r ,  s u g g e s t  t h a t  r e s i s t a n c e  o f  t h e  
r e s p i r a t o r y  t r a c t  may be  a d i r e c t  r e s u l t  o f  l o c a l  a n t i b o d y  
s y n t h e s i s .  F u r t h e r  s u p p o r t  f o r  t h i s  c o n c l u s i o n  comes f rom  t h e  
s t u d i e s  w i t h  t r a c h e a l  e x p l a n t s  i n  v/hich r e s i s t a n c e  t o  i n f e c t i o n  
v/as d e m o n s t r a t e d  i n  v i t r o . Hov/ever, a l t h o u g h  i t  may b e  p o s s i b l e  
to  d e m o n s t r a t e  a c l o s e  c o r r e l a t i o n  betv/een 2 o r  more f a c t o r s , : -  
i t  i s  r a r e l y  p o s s i b l e  to  p r o v e  c o n c l u s i v e l y  t h a t  one. r e s u l t s  ' 
f rom  t h e  o t h e r .  The f a c t o r s  i n f l u e n c i n g  v i r u s  m u l t i p l i c a t i o n  . 
i n  t h e  r e s p i r a t o r y  t r a c t  are) m u l t i f a r i o u s  and  s t i l l  p o o r l y  
u n d e r s t o o d .  F u r t h e r m o r e ,  c a u t i o n  must  be. exe~rc ised  i n  t h e  
i n t e r p r e t a t i o n  o f  e x p e r i m e n t a l  d a t a  o f  t h e  k i n d  p r e s e n t e d  i n
t h i s  t h e s i s ,  p a r t i c u l a r l y  when many o f  t h e  g ro u p s  i n  q u e s t i o n  : 
c o n t a i n e d  r a t h e r  few e x p e r i m e n t a l  a n im a l s .
Many q u e s t i o n s  rem ain  to  be  a n sw ered  r e g a r d i n g  l o c a l  immunity  
and i t s  r o l e  i n  a v ia n  r e s p i r a t o r y  d i s e a s e .  A s t u d y  o f  s u c h  a 
d i v e r s e  s u b j e c t  must  n e c e s s a r i l y  be  r e s t r i c t e d  to  a l i m i t e d  
number o f  l i n e s  o f  i n v e s t i g a t i o n  and  must  l e a v e  u n t o u c h e d  a 
number o f  p o t e n t i a l l y  r e w a r d i n g  a v e n u e s .  F o r  exam ple ,  t h e  u s e  
o f  im m u n o f lu o re sc e n c e  to  d e t e r m i n e  which  c e l l s  a r e  p r o d u c i n g  
s p e c i f i c  v i r a l  a n t i b o d y  and i t s  im m unoglobul in  c l a s s  w o u ld  b e  
most, v a l u a b l e .  S i m i l a r l y ,  b u r s a l  o r  thym ic  a b l a t i o n  combined 
w i t h  x - i r r a d i a t i o n  may h e l p  i n  d e t e r m i n i n g  t h e  B/T ly m p h o c y te  
dependence  o f  t h e  l o c a l  im m u n o lo g ic a l  s y s t e m  and  i n  d e f i n i n g  
t h e  r o l e  t h a t  c e l l - m e d i a t e d  imm unity  p l a y s .
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